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1. INTRODUCTION 



IN VIEW of the fact that many diflFerent species of 
wood are available for different purposes, it is 
becoming increasingly important that there 
should be a proper understanding on the part of 
the user of the physical and chemical characteristics 
of wood so as to make an intelligent choice. In the 
following pages some of the more important quali- 
ties of cypress wood are discussed, with the presenta- 
tion of tables and charts giving data not only as to 
cypress but for other woods which might be con- 
sidered in connection with any particular item of 
use. While extensive quotations are given from 
authoritative sources, it will always be advisable to 
consult the original volumes or papers cited. 

Cypress 

Cypress lumber is manufactured from the Amer- 
ican Bald Cypress (Taxodium distichum) grow- 
ing in low swamp-lands along the Atlantic Coast, 
from Virginia to Florida, westward along the Gulf 
of Mexico to Texas, and up the Mississippi Valley 
as far as Missouri. The wood is variously known as 
red, black, white and yellow cypress. 

The United States Department of Commerce in 
its standardization program for lumber, as outlined 
in Simplified Practice Recommendation, Lumber, 
R. 16-29, p. 27, has assigned to the various types of 
cypress the following standard commercial names 
to be used in the construction of contracts and in 
the formulation of lumber-grading rules and the 
terms of purchase and sale of American Standard 
Lumber. 

Standard Commercial Name Botanical Name 

Red Cypress (coast type) — Taxodinm distichum 

Yellow Cypress (Inland type) Taxodium distichum 

White Cypress (Inland type) Taxodium distichum 

Cypress grown in the deep swamps of the coastal 
plain regions near tidewater is now commercially 
called Tidewater Red Cypress to distinguish it from 
the inland, or upland cypresses, which are lighter 
in color and not as durable. 



Cypress heartwood is variable in color. The Tide- 
water Cypress (that is the cypress close to salt 
water) will vary from slightly reddish to a deeper 
red and much of it will be almost black with inter- 
mediate gradations. Away from the salt water, the 
heartwood is usually slightly reddish or even lighter 
in color. 

Cypress heartwood is one of, if not the most dur- 
able kind of lumber manufactured in the United 
States. "The great durability of the heartwood, 
probably more than any other property, gives 
cypress the place of distinction which it holds 
among the more valuable woods on the market."* 

"In respect to strength, cypress holds a position 
intermediate between that of the white and the 
heavy yellow pines."* 

"The wood varies in weight usually from 22 to 37 
pounds, averaging about 28 pounds per cubic foot, 
when thoroughly air-dried."* 

"Cypress has a great variety of uses, and for many 
of these it is selected as a preferred material. The 
key to its usefulness is its resistance to decay and 
other forms of deterioration when in contact with 
moisture, and its quality of being easily worked. It 
is used extensively for outside finish of buildings, 
such as siding, casing, sashes, doors and blinds, 
cornice, railings, steps and porch material. As a 
gutter stock, cypress outlasts many other materials 
and is in favor for high-grade work. Standard plan- 
ing products consume large quantities of cypress. 
These include ceiling, siding, flooring, moulding, 
and finish. On account of its freedom from taste 
and great durability, it is preferred material for 
tanks, vats, tubs and wooden buckets. These are 
used for water storage and by creameries, breweries, 
bakeries, dye works, distillieries, and soap and 
starch factories. In the construction of greenhouses 
where wood is subjected to extremes of heat and 
moisture, cypress is used probably more than any 
other wood."* 

♦Southern Cypress, by Wilbur R. Mattoon, U. S, Dept. of Agriculture 
Bulletin No. 272, September, 1915. 



11. LASTING POWER OF CYPRESS 

ONE OF the outstanding characteristics of active growth:— a food supply, water, heat and oxy- 

cypress wood is its lasting power. Many gen. The absence of one or more of these condi- 

species of wood will decay more or less tions will prevent decay. For instance, wood will 

rapidly when exposed to conditions favoring the not decay, if it is kept continuously dry. Neither 

growth and development of fungi which cause decay. will it decay if kept continuously wet or submerged 

The fungi causing decay require the following for under water; nor will it decay in the absence of 
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oxygen, for example, when buried deep in the 
ground. Ideal conditions for decay are found in 
humid climates and under conditions similar to 
those found in such climates. Wood in contact with 
the ground where there is plenty of moisture, suflS- 
cient air and sufficient heat, is in an ideal situation 
conductive to rapid decay. The same is true of 
wood kept in confined spaces. It is on this account 
that rapid decay may be anticipated in cellars, 
porches, cold storage rooms, ice houses, green- 
houses, foundation timber, stock pens, hog houses 
and incubators, etc. 

There is a marked diflFerence in the tendency to 
decay in sap wood (the lighter colored and outer 
portion of the tree) and heartwood, of different 
species of trees. The sapwood of practically all trees 
both in the temperate and tropical regions is liable 
to decay very rapidly, in fact there is very little dif- 
ference in the lasting power of sapwood no matter 
what tree it comes from. Heartwood, on the other 
hand, may decay very rapidly, or may be very resis- 
tant to decay. The heartwood of some species is very 
long-lived, while the heartwood of others may be 
very short-lived. Species of heartwood with short 
life are such species as the true firs, spruces, syca- 
more, red oak, etc. The heartwood of cedars, 
cypress, redwood, osage orange and catalpa are 
examples of species having great resistance to decay. 
The gist of the foregoing is that when long life is 
expected of natural wood, care should be taken to 
exclude the sapwood and consider the heartwood 
only. 

There has been a good deal of speculation as to 
why the heartwood of trees like cypress has such 
strong decay-resistant properties. In all probability, 
there are certain natural preservatives which are 
formed in the development of the heartwood. Some 
investigators have ascribed this decay resistance to 
resins or derivatives of resins. Some years ago, the 
writer prepared a resin-like compound from the 
heartwood of cypress, which later on was studied 
with much care by Dr, A. F, Odell* who gave the 
name "Cypressene" to this compound. 

He found that this substance was a sesquiterpene 
(very similar to cadinene found in European 
cypress). This substance resinifies easily. Dr. Odell 
calls attention to the fact that in the very slow-grow- 
ing coast cypress the bands of summer wood are 
close together. The resin containing cells occur 
largely in the summer wood and there is hence a 
very uniform distribution of resin throughout the 
wood mass. In view of the fact that the sesquiter- 
pene is part of the resin, the uniform distribution 



of this important element is accordingly attained in 
the close grained wood. Then he goes on to say 
"The very condition which is most calculated to 
make ordinary wood rot quickest is the very condi- 
tion which seems to preserve cypress the best, i. e., 
alternate exposure to dampness and air. This alter- 
nate exposure is necessary for developing resinifi- 
cation of sesquiterpene which hardened by oxida- 
tion literally coats the cell walls of the wood with 
impervious varnish, keeping the cellulose structure 
itself intact from the action of the elements." 

Hawley and Wisef in discussing the natural dura- 
bility of wood say: 

"Except for the extraneous materials there is not 
sufficient difference in the chemical composition of 
various species or of heart and sap to account for 
these differences in resistance to decay, so that the 
differences in durability, of heart and sap at least, 
have been ascribed to the extractives. It has com- 
monly been assumed that the presence of certain 
soluble and easily assimilated substances in the sap- 
wood such as 'sugars, starches, gums, etc.* acted as 
promoters or accelerators of decay by furnishing a 
ready food for the fungus while the absence of such 
substances in the heartwood made it difficult for the 
fungus to get a start. Such a theory, however, failed 
to account for the fact that in certain species of 
wood the heartwood decayed almost as readily as 
the sapwood." 

These authors then refer to a number of investiga- 
tions dealing with extractives and stated briefly ; 

"It was found that the hot-water extract was 
always more toxic than the cold-water extract and 
that the heartwood extracts were always more toxic 
than the sapwood extracts. In general the toxicity 
of the extracts was about what would be expected 
from the durability of the wood, although there are 
no figures for natural durability from which ac- 
curate comparisons could be made." 

This conclusion will probably hold generally, but 
as indicated also by Hawley and Wise, it will not 
hold in the case of the oaks, because extractions of 
red and white oak show equal toxicity, whereas it 
is a well-known fact that white oak heartwood is 
very resistant to decay, whereas red oak heartwood 
decays very rapidly. The mechanism of decay pro- 
tection for long-lived woods is therefore still to be 
determined. At the present time, one can only say, 
that based on many years of experience, the heart- 
wood of cypress, cedar, redwood and others, is ex- 

•"A Sesquiterpene and an olefin ie camphor occurrinjr in Southern 
Cypress," by Allan F. Odell, Journal American Chem. Soc. 33:755-8. 
1911. 

t'The Chemistry of Wood," by U F. Hawley and Louia E. WIm, 
1926. DD. 804-307. 
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tremely decay resistant, even under the most favor- 
able conditions for bringing about decay. The fol- 
lowing table prepared by Koehler* will be found 
useful: 

TABLE 1. 



Relative Durability of the Heartwood of 
Common Woods 


Conifers 


Heirdwoods 


Very Durable 


Cedar, northern white 

Port Orford 

Red (pencil cedar) 

Western red 
Cypress 
Redwood 


Catalpa 
Chestnut 
Locust, black 
Mulberry 
Osage orange 
Walnut, black 


Durable 


Fir, Douglas 

Larch, eastern (tamarack) 

Western 
Pine, longleaf 

Eastern white 


Cherry, black 
Locust, honey 
Oaks, white 



Intermediate 



Pine, loblolly 


Ash, white 


Norway 


Butternut 


Shortleaf 


Elm, red 


Sugar 


White 


Western white 


Gum, red 




Oaks, red 




Poplar, yellow 



Non-durable 



Firs, true 


Aspen 


Hemlock, eastern 


Bass wood 


Western 


Beech 


Pine, western yellow 


Birch 


Spruces 


Box elder 


Buckeye 




Cottonwood 




Hickory 




Maple, hard 




Soft 




Sycamore 




Tupelo 




Willow 



Referring specifically to the heartwood of cypress, 
its great durability is very well known. Wilbur R. 
Mattoon, Forest Examiner, very well states the case 
in the following paragraph : f 

"The great durability of the heartwood, probably 
more than any other property, gives cypress the 
place of distinction which it holds among the more 
valuable woods on the market. In contact with the 
soil or exposed freely to water or atmospheric condi- 
tions, the heartwood ordinarily resists for many 
years the agencies of decay, while the sap wood 
under similar conditions is comparatively short- 



lived. Instances of cypress shingles lasting 50 to 100 
years, fences in good condition after 40 years, old 
plantation buildings in the warm, humid Southern 
States in excellent preservation after 100 to 200 
years and others of a like character are frequently 
reported." 

In referring to the great durability of cypress, it 
should be remembered that this is not true of all 
cypress, indiscriminately. The longest-lived cypress 
wood (as has already been indicated) is that which 
is cut from trees which grow fairly close to salt water 
and which is generally known as Red Cypress — 
Coast Type, Tidewater Red Cypress, also as Tide- 
water Cypress, Red Cypress, etc. The inland cypress 
(known also as yellow or white cypress) is a much 
more rapidly growing tree. It is also characterized 
by a greater relative percentage of sap wood. The 
inland cypress also has a lower average weight per 
cubic foot than the coast type. Whatever may be 
the explanation for the decay resistance of the 
heartwood of cypress, experience has abundantly 
shown that the maximum length of life is to be 
anticipated from wood which is cut from slow grow- 
ing darker colored trunks of trees which grow near 
tide water. 

Pecky cypress is the name applied to the heart- 
wood of a great deal of cypress which is character- 
ized by the presence of numerous holes or grooves 
when sawed into boards, usually filled with yel- 
lowish mass of powder or fibres. The wood looks 
badly decayed and at first sight would be rejected 
as unfit. The peculiar holes in this wood are caused 
by a fungus (Fomes geotropus, Cooke) which grows 
in the heartwood of living trees. f The wood sur- 
rounding the holes is perfectly firm and solid. Ex- 
periences of many years have shown that pecky 
cypress wood possesses the same decay resistant 
properties as the heartwood of cypress without the 
holes. It is for this reason that pecky cypress has 
found such extensive application for a great many 
uses, when strength is a secondary factor, or when 
the pecky wood is strong enough for the particular 
purposes. Among the items of use mentioned, rail- 
road ties, posts, greenhouse uses, siding, etc. In 
recent years, pecky cypress has been extensively 
used for interior finish because of its unusual ap- 
pearance and decorative effect. It is used in the 
exteriors of the English type or half timber house. 

•Properties and Uses of Wood, by Arthur Koehler, 1924, p. 224. 
tSouthern Cypress, Bulletin No. 272, U. S. Dept. of Agri., 1915, p. 9. 
JA disease of Taxodium known as Peckiness, etc., by Hermann von 
Sehrenk, 11th Report Mo. Botanical Garden, 1899. 



Ill WEIGHT AND STRENGTH OF CYPRESS 



CYPRESS is one of the lighter woods. It will 
vary in specific gravity from .35 to .58. The 
coast cypress will have an average specific 
gravity when green of ,41 and .47 when oven dry. In 
terms of weight per cubic foot, the average will be 
about 48 pounds when green and 34 pounds when 
air dried and 33 pounds when kiln dried. These 
figures should of course be considered as average 
because naturally weight will depend a good deal 



upon the type of tree from which the timber is cut. 
In strength, cypress is intermediate between the 
white and southern pines. The following table (No. 
2) showing working stresses for select and common 
grades of timber, developed by the United States 
Forest Products Laboratory, gives a comparison be- 
tween the various woods including southern cypress 
which will be found useful. 
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IV. NAIL AND SCREW-HOLDING VALUE OF WOOD 



VARIOUS species of wood have different nail- 
holding powers. As indicated recently by L. 
J. Markwardt, Senior Engineer, U. S. Forest 
Products Laboratory.* 

"The heavier woods were usually associated with 
higher holding power than the lighter ones, but 
comparative information has been lacking on this 
property. Nail holding is vital to innumerable uses 
of wood and in construction, such as in boxes and 
crates where the joints are frequently the weakest 

Table 3— NAIL-HOLDING POWER OF 
(7d cement-coated nails driven to a depth of one 



parts, the choice of a species may depend upon nail- 
holding power." 

Cypress is a wood which has a high degree of nail- 
holding power among the conifers. It apparently 
has more holding power than would be expected 
from its weight and structure. The following table 
gives the nail-holding power of various species of 
wood as determined by the Forest Service. f 

♦Nail-HoIdinK Power of Various Species of Wood, by L. J. Mark- 
wardt and J. M. Gahagan. American Lumberman, July 13th. 192», 
p. 58. 

tSame article by Markwardt and Gfthagan above quoted. 

VARIOUS SPECIES OF WOOD 
and one-quarter inches and pulled at once) 



Common and botanical name of species- 



Ash, white (Fraxinua americana) 

Aspen {Populut tremuloidet) 

Aspen, largetooth (PopnluB grandidentaid) . 

Bass wood (Tilia glabra) 

Beech (Faou» grandifolia) 



Birch, yellow (Betula lutea) . 

Cedar, western red ( Thuja plicata) 

Cedar, northern white ( Thuja occidentalit) . 

Chestnut {Castanea dentata) 

Cottonwood, black {Populua irichocarpa) . . 

Cottonwood, eastern (Populus deltoides) . . . 
Cypress, southern (Taxoaium diatichum) , . . 

Douglas 6r (Pw«rfo/#u(?a iaxifoUa) 

Elm, American {Ulmua americana) 

Fir. California red {Ahief magnijica) 

Fir, silver (Ahiea amabilis) 

Fir, white (Abiet concolor) 

Fir, lowland white (Abiet grandis) 

Gum, red (Liguidambar tiyraeiflua) 

Gum, tupelo (Nyssa aquaiica) 



Place of growth of 
material tested 



Ark 

Colo., iVew Mex.. Wis.. 

Wis 

Pa 

Ind 



Wis 

Mont., Wash., 

Wis. . 

Md., Tenn.. . . 
Wash..., 



La., Mo 

Greg., Wash. 

Pa. 

Calif 



Hemlock, eastern (Ttuga eanadensia) . . 
Hemlock, western (Tsuga heierophylla) . 

Hop-hornbeam (Ostrya virginiana) 

Larch, western (Larix occidentalis) 

Locust, black (Robinia pseudoacacia) , . . 



Locust, honey (Gledittia triaeanthos) 

Magnolia, cucumber (Magnolia acuminata). 

Maple, black {Acer nigrum) 

Maple, silver (Acer saccharinum) 

Maple, sugar (Acer saccharum) 

Oak, red (Quercus borealis) 

Oak, white (Quercus alba) 

Pine, jack (Pinus banknana) 

Pine, loblolly (Pinus taeda) 

Pine, lodgepole (Pinua coniorta) , 

Pine, longleaf (Pinus palustris) 

Pine, mountain (Pinua pungens) 

Pine, Norway (Pinus resinosa) 

Pine, pitch (Pinus rigida) 

Pine, pond (Pinus rigida serotina) 



Pine, shortleaf (Pinus eehinata) 

Pine, slash (Pinus caribea) 

Pine, northern while (Pinus strobus) . . . . 
Pine, western white (Pinus monticola).. . 
Pine, western yellow (Pinus ponderosa) , 

Poplar, yellow (Liriodendron tulipifera) . . 

Redwood (Seguoia semperpirens) 

Spruce, Engefmann (Picea mgelmannii) . 

Spruce, red (Picea rubra) 

Spruce, white (Picea glauca) 

Sycamore (Plaianus oceidentalis) 



Wash.... 
Calif. . . . 
Idaho. . . 
Ark. , . , . 
La., Mo.. 



Tenn., Wis.. 

Wash 

Wis 

Idaho 

Tenn 



Ind... 
Tenn., 
Ind.. . 
Wis. . . 
Ind.. . 



Ark., Tenn., N. H.. 

Ark., La 

Wis 

Fla.... 

Colo., Idaho 



Fla., La., Miss. 

Tenn 

Wis 

Tenn 

Fla... 



La 

Fla 

Wis 

Mont 

Calif., Greg. . 



Tenn. , 
Calif.. 
Colo, . 
Tenn.. 
Wis... 
Tenn, , 



Number 
of 
trees 


Moisture 
content 
per cent 


Spedfic gravity 
base on vol. 
and wt. of 
oven-dry wood 


Average holding power for one 
nail when driven into 


End 
9 urf 
pounds 


surf ftcc 
(edge- 
grain} 
pounds 


J, angential 
surface 
(flat- 

pounls 


5 


8.9 


0.64 


385 


456 


452 




5.3 


.39 


117 


187 


201 


5 


6.5 


.41 


157 


202 


207 


5 


6 . 5 


. 41 


138 


199 


194 


5 


8.4 


.67 


358 


495 


460 


5 


8.6 


.66 


331 


473 


451 


10 


7.6 


.34 


118 


192 


202 


5 


9.3 


.32 


103 


153 


160 


10 


9 . 2 


.45 


172 


258 


273 


5 


5.9 


.37 


122 


194 


196 


io 


6.8 


.34 




189 


197 


8.3 


.47 




266 




28 


6.3 


.51 


183 


273 


296 




8 . 2 


.54 


236 


344 


339 


3 


9.0 


,37 




177 


189 


5 


4.9 


.40 


86 


201 


207 


8 


8.0 


.41 


104 


176 


203 


5 


5.3 


.36 


60 


150 


182 




8.3 


.51 


192 


292 


278 


6 


9.3 


.52 


233 


376 


345 


28 


8.9 


.42 


127 


225 


230 


9 


6.7 


.46 


149 


266 


277 


3 


6.5 


.76 


457 


513 


480 


5 


4.4 


.58 


180 


299 


319 


3 


4.1 


.71 


404 


461 


345 


1 


6.5 


.76 


431 


508 


449 


5 


5.1 


.52 


233 


350 


336 


1 


9.8 


.62 


357 


480 


416 


6 


6.8 


.51 


280 


333 


338 


4 


9.2 


.65 


396 


497 


459 


22 


8.4 


.66 


312 


466 


422 


10 


8.6 


.72 


320 


496 


444 


5 


7.6 


.46 


161 


228 


272 


10 


8.0 


.59 


179 


271 


335 


8 


6.3 


.44 


141 


244 


262 


34 


7 7 


.64 


244 


362 


376 


5 


7.1 


.65 


209 


318 


330 


5 


7.4 


.51 


165 


273 


282 


6 


7.7 


.54 


235 


325 


330 


5 


7.5 


.67 


211 


348 


384 


6 


7.2 


.58 


235 


331 


377 


5 


7.6 


.68 


290 


356 


420 


5 


7.7 


.39 


136 


220 


225 


5 


8.3 


.45 


134 


255 


246 


7 


6.6 


.44 


122 


224 


233 


5 


7.3 


.43 


162 


212 


223 


11 


*6.0 


,42 


106 


221 


226 


5 


9.4 


.36 


136 


177 


184 


5 


10.7 


.41 


148 


229 


221 


5 


7.6 


.43 


146 


209 


218 


5 


7.0 


.55 


270 


369 


349 



The nail-holding properties of wood are in general closely related to the specific gravity or density of the material but species 
characteristics may, however, account for variations, of as much as 25 per cent in these relations. Since in any species there is 
variation in specific gravity (one-half of the material falling within about 8 per cent of the average specific gravity) the nail- 
holding properties of individual pieces may vary considerably from the averages presented (one-half of the material falling with- 
in about 12 per cent of the average nail-holding value for the species) . Hence it is possible to select material of any species that 
is relatively high in nail-holding properties and is better than the average. 

^Approximate. 

ni 



Figure No. IJ is a curve to illustrate the relation 
between the specific gravity and nail-holding power. 
From this curve it will be noted that cypress ranks 
fairly high among the soft woods, in fact it is almost 
equal in nail-holding power to Douglas fir. 

What has been said of the nail-holding power 
applies equally well to the holding power of wood 
screws. An exhaustive investigation of this subject 
was made several years ago by the U. S. Bureau of 
Standards.§ The holding power of various types of 
screws was tested with the following typical woods: 
yellow poplar, cypress, Georgia pine, North Caro- 
lina pine, sycamore, hard maple and white oak. The 
tests include the effect of the following factors: lead- 
hole size, lubrication, holding power when screw is 
parallel to grain. Anyone interested in this par- 
ticular problem is advised to consult the original 
article above referred to. 

The general conclusions reached are briefly as 
follows : 

*'In soft woods, the size of the lead-hole is im- 



portant and should he about 70% of the core or root 
diameter of the screw." 

"A lubricant, such as soap, may he used when 
necessary for easy insert without any grave loss of 
holding power." 

Referring to the holding power: 

"In choosing between two adequate screws, use 
the smaller diameter and longer length when prac- 
ticable." 

"For a given length of screw axially loaded, the 
holding power increases with the diameter to a cer- 
tain limit beyond which the increase in diameter 
decreases the holding power." 

A good idea of the relativity between sizes of 
screws and holding power is given in the following 
figure (Fig. 2) reproduced from the bulletin above 
quoted. 

tPrinciples of Box and Crate Construction, by C. A. Haskett, U. S. 
Dept. of Agriculture, Technical Bull. 171 :46, 1930, Fig. 15. 

§Holding Power of Wood Screws, by I. J. Fairchild. Department of 
Commerce, Bureau of Standards Technologic paper No. 819, 1926. 



F. GLUING CHARACTERISTICS OF WOOD 



WITH the increasing refinements in the utiliza- 
tion of wood, the use of glue is coming to 
be an increasingly important factor. As 
stated by T. R. Truax of the Forest Products Lab- 
oratory* 

"The use of glue in the fabrication of wood prod- 
ucts brings about more complete utilization of 
timber through the use of lower grades, inferior 
species, and small sizes of material; it conserves 
supplies of clear material and of the scarcer and 
more valuable woods; and it makes possible a sav- 
ing of material in the production of articles of un- 
usual form, dimensions, and properties. Nearly 
every article of glued-wood construction represents 
an economy in the use of timber resources." 

Very little has hitherto been known about the 
value of different types of glues particularly in rela- 
tion to different types of wood. The bulletin* just 
quoted from is a publication which should be con- 
sulted by anyone interested in the proper uses of 
glue and particularly in the proper selection of 
woods to be used where glue is involved. The Forest 
Products Laboratory conducted an extensive series 
of tests with 40 species of wood using vegetable 
casein and animal glues. "The gluing was done 
under conditions which cover the general range 
found in commercial practice." 

"The test results are expressed both in percentage 
of the joint area in which failure occurred in the 
wood and in the breaking strength in pounds per 
square inch of joint area. Failure in joints usually 
occurred partly in the wood and partly in the glue 
pine. 'Percentage of wood failure' refers to the pro- 
portion of the joint area of the specimens where 
wood fibers were torn away in testing. In Figures 
3, 4 and 5 (original Figures 12, 13 and 14) , the species 
are arranged in order of wood failure developed in 
the tests. Wood failure combined with the shear 
strength of the joint is used as the criterion for judg- 



ing the effectiveness of the gluing. Where the wood 
failure is at or near 100 per cent the joints obviously 
had been glued satisfactorily, irrespective of the 
joint strengths obtained. In many species the per- 
centages of wood failure is considerably less than 
100 per cent and in such cases the joint strengths 
must also be considered in determining the success 
obtained. The strength of the joint in most species 
is equal to or greater than the calculated strength of 
the wood itself. The relative positions of the dif- 
ferent species with respect to wood failure developed 
in these tests vary with the different glues, but in 
general they are similar. Woods of low joint 
strength, such as Sitka spruce, western hemlock and 
redwood, show a high percentage of wood failure 
and woods of high joint strength such as sugar 
maple, persimmon and white ash, show a low per- 
centage of wood failure. For any one glue the woods 
giving similar joint strengths vary considerably in 
the amount of wood failure, and those with lower 
percentages of wood failure, therefore, require more 
care in gluing to obtain the full strength of the 
wood." 

The following three figures are the ones referred 
to: Figures 3, 4 and 5. In the quotation just given, 
Truax, as a result of his studies, recommends certain 
gluing schedules for different woods which are re- 
produced in Tables 4 and 5 herewith. 

He calls attention to the fact that necessary pre- 
requisites in all the schedules recommended are 
properly dried and machined wood, glue spreaders 
which spread the glue evenly and presses that apply 
pressure uniformly over the joint. 

The bulletin from which these extensive quota- 
tions have been made contains formulae for the 
proper mixing of glues; directions for correcting 

♦The Gluing of Wood, by T. R. Truax, U. S. Dept. of Agriculture, 
Dept. Bulletin No. 1500, June, 1929. (This publication can be pur- 
chased from Supt. of Documents, Government Printing Office, for 25 
centa. ) 
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FIGURE 1 

From "Principles of Box and Crate Construction/' by C. A. Haakett, U. S. Dept. of Agriculture Bulletin 171. pa^e 46. 

Relation of specific gravity (based on weight and volume of oven-dry wood) of wood to nail-holding 
power, 7d cement coated nails driven to ly^ inches depth into the side grain of thoroughly seasoned wood 
and pulled at once. 
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Specific GravitLf 



1. Cedar* northern white 11. 

2. Cottonwood, eastern 12. 

3. Cedar, western red 13. 

4. Aspen 14. 

5. Fir, lowland white 15. 

6. Spruce, Engelmann 16. 

7. Fir, California red 17. 

8. Cottonwood, black 18. 
9- Pine, northern white 19. 

10. Fir, silver 20. 



Fir. white 21. 

Basswood 22. 

Aspen, largetooth 23. 

Spruce, red 24. 

Poplar, yellow 25. 

Hemlock, eastern 26. 

Spruce, white 27. 

Pine, western yellow 28. 

Pine, lodsrepole 29. 

Pine, western white 30. 



KEY TO SPECIES 

Chestnut 
Pine, jack 
Hemlock, western 
Cypress, southern 
Pine, Norway 
Douglas fir 
Gum, red 
Maple, silver 
Magnolia, cucumber 
Gum, tupelo 



31. 
32. 
33. 
34. 
35. 
36. 
37. 
38. 
39. 
40. 



Pine, pitch 
Elm, American 
Pine, mountain 
Sycamore 
Pine, pond 
Larch, western 
Pine, shortleaf 
Pine, loblolly 
Maple, black 
Ash, white 



41. 
42. 
43. 
44. 
45. 
46. 
47. 
48. 
49. 
60. 



Maple, sugrar 
Pine, longleaf 
Oak, red 
Birch, yellow 
Beech 
Pine, slash 
Locust, black 
Oak, white 
Locust, honey 
Hop-hornbeam 



NOTE : The nail-holding properties of wood are in general closely related to the specific gravity or density of the material, but species charac- 
teristics may, however, account for variations of as much as 25 percent in these relations. Since in any species there is variation in specific 
gravity (one-half of the material falling within about 8 percent of the average specific gravity) the nail-holding properties of individual pieces 
may vary considerably from the averages presented (one-half of the material falling within about 12 percent of the average nail-holding value for 
the species) . Hence it is possible to select material of any species that is relatively high in nail-holding properties and is better than the average. 
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FIGURE 2 
SCREW.HOLDING VALUES 

The ordinates are screw diameters with an additional scale to show screw 
numbers, while the loads are taken as abscissas. Points indicating screws 
of the same length are connected to form curves. 
.HOQ 




Cypress, side grain 
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FIGURE 3 

Results of tests on joints of various woods glued with vegetable glue. 
Values shown are averages of 45 to 180 specimens. 



Spruce^ Sifka (Pi ceo ^ttchertsts}^. 
Cedar, wesfef*n reef (Thuja p/tcafa)L 
Fir, wh/fe (Abies C0rccf0r}t. 



Hemlock, western (Tsufa heterophulla}t. 
Poplar i^l/ow (Unocferctron fuhpirera}L 
Qas3wood (Ttfia sp)^ 



Alder, red (Atnus rt/i>ra)L- 



Pedwood ( Sequoto ^empery/rens}t, 

3t/ffernuf (Juqletf^s Cinerea)i. 

Chestnut (Castan^ dentata)L. 



Ptne, western ^thw (Pf'nus ponderosa}^ 
Pme, norther^n white (P/nt/s strchus}^ 
Mahoi^an^ (Swtetema sp)£. 



Cedar, eastern red (Jt/n/peras vfrfmtana)^ 
express, soi/thern (Taxodmm dfstfehum}t, 
Poy^tas ftr (Pseiidotsu^fa tmrtfoha}^_— 
Gum, red (sapwood) (Lf^uidamhar sfifraciffya)^. 
Pine southern ^et/aw (Pinus J^^— 
f^can (Mfcor$a pecanjt. 



tlnj, American (l/lmus amertcano)'L 
Sassafras (Sassafras ^arfffa/w/r^, 
£/m, rock (Ufmus racem^a}L 
Ma^no/ra (Ma^notta sp)^ 



l^a/nut, hfack (Julians nt^ra)^^ 



Chern^, block (Prunus serottna}L 
Maple, soft (commercial} (Acer sp)!* 
OaA, red CcommerctaO (Quercus sp}L 
Gum, tupeh (commercial} (N(^ssa 

SuCi^more (Platanus occfdertalfsj't 

(tum, black (commercial} (Ifi^ssa Jjq^i 
Gum, red (heartwood) (Ltquidamt^r stt^racfflualL- 

Maple, sutfar (Acer saccharum)^ 

Cedar Alaska (Chamaec^paris noctAatensts)i. 
3eech (Pacfus ^randifolta}^ 



OaK whtte, (commercial} (Quercus sp}L 

Persimmon, (Piosp^ros nrfmiana/f. 

Ash, white (commercial} (Praxtnus Sp}'t. 
Mickort^ (tticoria sp}^^ 



&irct9.^low (Be tula lufea}"*^ 



Csa^*oranje (Tontflon pomiferum)L 




Common and scientific names are the standard names Kiven in U. S. Dept. Agri. Misc. Circ. 92 except those designated "(commercial)". 
Heartwood. 
Mostly heartwood. 

Heartwood and sapwood mixed or not identified. 
Sapwood. 

Wood failure percent indicates the estimated proportion of the joint area of the specimen where wood fibers were torn away in testing. 

The shear strength of joints is not comparable with the shear strength of solid wood, published in U. S. Dept. BuL 556 and elsewhere, due to differeneea in 
the test methods and specimens used. 
• Indicates woods of the softwood or nonporous class ; others belong to the hardwood or porous class. 
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FIGURE 4 

Results of tests on joints of various woods glued with casein glue. 
Values shown are averages of 60 to 240 specimens. 



SP£C/£S ^ 

/Redwood (Sequoia semper vfrens)^^ 
Cedar, western red (Thuja phcataXL. 
Fir, Y^hife (Abtes conco/orft— 



Wood Failure 
20 ^ €0 



CASEIN 



GLUE 

J/>ea^ Strenqfh — Lbs per Jq. In J 



Spruce, SiffCQ (Ptcea s/tc/tensisj'f— 



Ctfress, soufhern iTaxodiam Jtsttchum)^ 
Hem/ock, western (Tsufa heterop/^tf/Zo)- 



Cedar, ea j fern red (Juni^erus ^/r^tniana)^ 

Chestnut (CQS-fanea den fata }i 

AfiMr, red (A/rrus ruhra}"^^ 



Pine, northern white (Finus sfroi>*As}t^ 
Ma^no/ia (Maqno/i'a sp)^ 



£lin, American (Ufmus anTtHcana/L^ 



Pine, western f^ihw (Pmus ponderosaji^ 

Pme, southern ^eUerw (f^nys ^pj^ 

Cottonweed (papu/ua Sp)d^ 



Gum, fupe/o (commercia/) (^t^^sa s>p)l 



Cunx red fSap^^ood} (LtqutdamtHir stfraaftuaff-. 

Poplar, tfei/ow. (i/rtodendron iul/ptfer^}^- 

Streamer e (Plaicinus occidentalis}^ 

&tdm, h/ack (commercial) (N^ssa *p}^ 

£lm, rock (Ulmus rttc^mosa)^ 
Butternut (Juqians anereajh 



Cherrij, black (Prunus Serotifra/L 
AlahOfany { Sw/eten/a Sp.)^ 



Potitflos fir (Pseudotsuqa taxifdlia)^^ 
Pecan fttkoria pecan) 



Cedar, Alaska (Chamaecifpuris nocfkatensis)— 



Gum^red (h^rfwaed) (Lifuidamkar sttfraciflua)^ — 

Oak, red (commercial) (Quercus spji. 

Sassafras (Sassafras roriifoliumli 

Maple, soft (commercial) (Acef sp)— 

Walnut, hiactc (dOflans niqra)^ 

Beech (£a^us qrandffaliaJC 



dak, white (commercial) (Qaercas sp^)i: 

Ash, white (commercial) (^rwdnas sp)t- 
Basswood (Ti/ia ^p)'t— 



Birch, t^el/ow (Befitia luteaJ't. 



Persimmon (Diosp^ros vir^iniana) . 
Maple, su^r (Acer s*xccharam)^L— 
tficlionf. (nicoria 'Sp)i 



Osofe-oranfe (ToM^lon pomiferam). 




Common and scientific names are the standard names Kiven in U. S. Dept. Agr. Misc. Circ. 92 except those designated "(commercial) . 

Heartwood. 

Mostly heartwood. 

Heartwood and sapwood mixed or not identified. 

Wood failure percent indicates the estimated proportion of the joint area of the specimen where wood fibers were torn away in testing. , ^ 

The shear strength of joints is not comparable with the shear strength of solid wood, published in U. S. Dept. Agr. Bull. 556 and elsewhere, due to dif- 
ferences in the test methods and specimens used. 
Indicates woods of the softwood or nonporous class ; others belong to the hardwood or porous class. 
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From "The Gluing of Wood' 



FIGURE 5 

, by T. R. Truax, U. S, Dept. of Agriculture Bulletin 1500. 



Results of tests on joints of various woods glued with animal glue under good 
gluing conditions. Values shown are averages of 30 to 180 specimens. 



Chesfftut (C&sfan^o €i90fata)t 



Ctdof^, 9¥msf9f^rf r9d (Thuja p/icaf9}L 



Hemlock, f^st^ff (T^yft h^fmt^ophuf/a)!. 



Pin0, northern wht'M (Rmus sffohij^)^ 



A/den ^^o/ (A/mfS rubf-a)L 



Cypress, soiithef^n -(ToKodium disfichym}^ 
Sif cantors (P/afonys 0CCK^ta/tsX!L 

Mohotjfctftif (Swt^f9fff0 ^p)£. 



Pf*f9. sovfher^ (PtmdS sp)^ 



Pv<^n (HfCOf*ia p^coffjt. ■ 

Sassafras (Sassafras ¥mr^tifof/0fn)i_ 
Pine, wes^sr/f ye//omt (Pmus poffcfmrcsajt^ 

Mapl^, ^off (comm^rctaf} (Acar sp}^ 

Cvm, red (he<frfvrcocf) (It^utdambor sffracff/yai 
Gym, S/ack (commerctai) (fif^ssa 
Oak, white (commercia/} (Overcys sp)i~ 
httMt/t h/ack (Jyf/ans rffra)L 



Cum fypefo (commercmO (^^9sa ^/^}— 
Oak, red (commercial) (Qyercys sp}L. 
3eech (fafus 4frandifofia}t. 



Cedar, easferft red (Juntperus vrrt^mtaiiajf- 
Cherri^, h/ack ( Prurys serohna}L- 
Maple, syfar fAcer saccharufff)lL 
&rch, y«i//o/r (Befy/a /yfea)1L 



Cedar, Alaska (Chamaect/parts ffootkdfeftsis)t. 

As/}, trhffe (commerce/ J (fraxmas sp}- 

Osa^e* orange (ToM^/pft pom*ferum)f. 

Perstmmon (Ptosp*fres rtr^tmana^f^ 

tfiCkory (Htcorta sp}L. 




Common and scientific names are the standard namee given in U. S. Dept. Agr. Misc. Circ. 92 »cept those designated "(commercial)". 

Heartwood. 

Mostly heartwood. 

Heartwood and sap wood mixed or not identified. 

Sapwood. 

Wood failure percent indicates the estimated proportion of the joint area of the specimen where wood fibers were torn away in testing. 

The shear strength of joints is not comparable with the shear strength of solid wood, published in U. S. Dept. Agr. Bui. S56 and elsewhere, due to differeneee 

in the test methods and specimens used. 
Indicates woods of the softwood or nonporous class ; others belong to the h ardwood or porous daaa. 
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glue defects; detailed directions for the prepara- 
tion of glues; proper application thereof ; and a full 
discussion of plywood. 

For a complete understanding of what may be ex- 
pected when cypress wood is glued, the bulletin 
should be consulted. It can be stated, however, that 



while glued cypress cannot compare in strength of 
joint with the hardwoods, the tests made by Truax 
indicate that cypress can be successfully glued, and 
that when properly done, joints of cypress rank with 
and in many cases above similar joints of other 
coniferous woods. 



Table 4.— GLUING SCHEDULES 



Class or gluing schedule 



Glue water 
proportionl 
by weight 



Ghie 
spread 



Temperature 
of the 
wood 



Pressure 



Al*. 

A2*. 

A3*. 

CI*. 
C2*. 
VIS. 
V26. 



1 to 2K 
1 to 2H 
1 to 2}4 
1 to 3 
1 to 2H 
1 to 2H 
I to 2H 
1 to2H 
1 to 2H 
1 to 2K 
1 to 2H 
1 to 214 
1 to 2 
1 to 2H 
1 to 
1 to 2 
I to2H 
I to 2H 
1 to2H 
1 to 2H 



Lbs. per J, 000 
sq. ft. 3 
60 to 65 
65 to 70 
70 to 75 
70 to 75 
65 to 70 
70 to 75 
75 to 80 
75 to 80 
65 to 70 
70 to 75 
75 to 80 
75 to 80 
60 to 70 
70 to 80 
70 to 75 
75 to 80 
60 to 70 
70 to 80 
70 to 75 
75 to 80 



OF. 

70 

80 
90 
90 
70 
80 
90 
90 
70 
80 
90 
90 

70 to 90 
70 to 90 
70 to 90 
70 to 90 
70 to 90 
70 to 90 
70 to 90 
70 to 90 



1,5*. p$r 
»q. in. 
100 to 150 
100 to 150 
100 to 150 
100 to 150 
125 to 175 
125 to 175 
125 to 175 
125 to 175 
150 to 200 
150 to 200 
150 to 200 
150 to 200 
100 to 150 
100 to 150 
150 to 200 
150 to 200 
100 to 150 
100 to 150 
150 to 200 
150 to 200 



iThe recommended proportions of glue and water are in general suitable for both lumber and veneer gluing but ordinarily 
it is better to use thicker glue mixtures with lumber than with veneer. 
^Wood pieces laid together as soon as spread with glue. 
^Weight of wet glue mixture. 

^An animal glue equivalent to about a No. 12 in the National Association of Glue Manufacturers grades. Other grades may 
be used by making suitable adjustments in the glue-water proportion, 

^Average prepared casein and vegetable glues; some commercial glues require more or less water to obtain the same con* 
sistency of mixture. 



Table 5.— INDEX OF GLUING SCHEDULES FOR DIFFERENT WOODS 
[H=heartwood ; S~8apwood; M=heartwood and sapwood mixed] 



Species 



Animal 
glue 



Casein 
glue 



Vegetable 
glue 



Species 



Animal 
glue 



Casein 
glue 



Alder, red M 

Ash H 

Do S 

B ass wood M 

Beech H 

Do S 

Birch.... H 

Do. S 

Butternut M 

Cedar, Alaska M 

Cedar, eastern red . H 

Do S 

Cedar, western red H 

Cherry, black H 

Chestnut M 

Cotton woed M 

Cypress, southern H 

Do S 

Douglas fir H 

Elm, American M 

Elm, rock M 

Fir. white M 

Gum. black H 

Do S 



Schedule 
A2 
A3 
A3 
A3 

1 A3 
A3 

1 A3 
A3 
A2 
A2 

1 A3 
A2 
Al 
A3 
Al 
A2 
A3 
Al 
Al 
A3 
A3 
Al 

1 A3 
A3 



Schedule 
CI 
C2 
C2 
C2 

1 C2 
C2 

1 C2 
C2 
C2 
C2 
CI 
CI 
CI 
C2 
CI 
C2 
CI 
CI 
C2 
C2 
C2 
CI 
C2 
C2 



Schedule 
VI 
V2 
V2 
VI 

1 V2 
V2 

1 V2 
V2 
VI 
V2 
VI 
VI 
VI 
V2 
VI 
VI 
VI 
VI 
VI 
V2 
V2 
VI 

1 V2 
V2 



Gum, red H 

Do S 

Gum. tupelo H 

Gum, tupelo S 

Hemlock, western M 

Hickory. M 

Magnolia H 

Do S 

Mahogan.y H 

Maple, soft (commercial) . . . . M 

Maple, sugar. M 

Oak. red M 

Oak, white M 

Osage orange H 

Pecan H 

Persimmon. S 

Pine, northern white M 

Pine, southern yellow M 

Pine, western yellow M 

Poplar, yellow M 

Redwood. . H 

Sassafrass M 

Spruce M 

Sycamore M 

Walnut, black M 



Schedule 
1 A3 
A3 
1 A3 
A3 
Al 
A3 
A3 
A3 
A2 
A3 
A3 
A3 
A3 
I A3 
A2 
A3 
Al 
A2 
A2 
A2 
Al 
A2 
Al 
A3 
A3 



Schedule 
1 C2 
C2 
C2 
C2 
CI 
I C2 
C2 
C2 
C2 
C2 
C2 
C2 
C2 
1 C2 
C2 
C2 
CI 
C2 
CI 
C2 
CI 
C2 
CI 
C2 
C2 



^Treatment of the wood before gluing as described on page 48 of U. 
mended where the strongest possible joints are required. 



S, Dept. of Agriculture Bulletin No. 1500 is recom- 
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VI. TASTE AND ODOR 



IT IS frequently necessary that material used in 
the manufacture of packages for shipping foods 
or for the construction of barrels or tanks con- 
taining liquids, should give the minimum discolora- 
tion and odor to the materials contained in same. 
An extensive investigation has shown that very little 
taste, color, or odor is transmitted by cypress con- 
tainers. Reference is herewith made to the discus- 
sion on this subject in the paper by Hauser and 
Bahlman, reprinted in Chapter VII, page 17. These 
investigators soaked various species of wood in cold 
water and in hot water. They found that cypress, 
fir and pine yielded no colors when subject to cold 
water and that when subject to boiling water, 
cypress lost most of its color after the third boil and 
all of it after four hours of boiling. Fir and pine 
when subject to cold water yielded no color and 
when subject to the eighth boil still showed slight 
traces. 

These investigators also made some tests as to the 
taste imparted to the water and found that cypress 
was the only wood that imparted neither color nor 
taste after being in the water for a few days. 

They also made extensive tests relative to color 
extractions by means of cold acids and alkalies and 
cold salt solutions. The results will be found on 
page 20. 

In 1908, the Mrriter made some tests to determine 
to what extent color and odor were imparted by the 
various woods to artificial wine made up as follows: 
Water, 90 litres; 95-per-cent alcohol, 10 litres; tar- 
taric acid, 400 grams; glacial acetic acid, 100 cc. 
The woods included in this test were red cypress, 
redwood, incense cedar, western red cedar, Sitka 
spruce, western red cedar from Idaho. These woods 
were soaked 4 weeks in this artificial wine and at the 



end of this period the liquid was carefully examined 
and it was found that practically all, with the excep- 
tion of the red cypress, had not only a very decided 
color, but in most instances a very disagreeable taste. 
The liquid in which the red cypress had been im- 
mersed, using light and very dark pieces of cypress, 
showed practically no color and had no foreign taste. 
The results of these tests were submitted in a com- 
petition to find a substitute for white oak for storage 
of wine. The California Wine Association, after 
an investigation of these tests, prepared a number of 
barrels of cypress and stored wine in same without 
any deleterious results. 

When wood is subject to solvent action of various 
substances such as hot or cold water, ether, weak 
solutions of sodium hydroxide, etc., certain sub- 
stances can be removed from the wood. 

*"The extraneous components of wood are often 
of such great commercial interest that the deter- 
mination of extractives become an important 
matter. A wood high in ether-soluble matter usually 
contains large amounts of resin (e. g., the lightwood 
of Southern pine). A large percentage of water- 
soluble material might give a clue or indication of a 
high percentage of tannins, coloring matter (or its 
precursors), or even of valuable water-soluble 
carbohydrates (e. g., the galactans of Western 
larch). The determination of water-soluble or 
alkali-soluble extractives may also be of decided 
value in determining whether or not a wood should 
be used in the manufacture of various types of stor- 
age tanks." 

The following table (6) is quoted from Hawley 
and Wise, page 175 (with certain additions since 
made by the U. S, Forest Products Laboratory) : 

•Hmwiey and Wiw, The Chemistry oC Wood, 1926, p, 174. 



Table 6~C0NTENT OF EXTRACTIVES IN WOODS 

(From Hawley and Wise. "The Chemistry of Wood") 



Species 



Basswood . 

Cedar, Alaska, first sample. . . . 
Cedar. Alaska, second sample: 

Sapwood 

Heart wood . , 

Cypress, first sample: 

Sapwood 

Heart wood 

Cypress, second sample: 

Sapwood 

Heart wood 

Douglas Fir, first sample 

Douglas Fir. second sample: 

Springwood 

Summerwood 

Larch. Western ..... 

Pine. Northern White: 

Sapwood 

Heart wood 

Pine. Western White ... 

Pine, Western White: 

Springwood 

Summerwood 

Pine, Western Yellow 

Pine, Longleaf 

Pine, Loblolly: 

Sapwood Springwood 

Sapwood Sumnaerwood 

Heartwood Springwood. . . . 
Heart wood Summerwood. . . 
Poplar r 

Sapwood 

Heartwood 

Redwood 

Spruce, White 



Soluble in 



Cold 
Water 


Hot 
Water 


Ether 


1 Per cent 
NaOH 


Per cent 


Per cent 


Per cent 


Per eeiU 


2.12 
2.47 


4.07 
3.11 


1.96 

2.55 


23.76 
13.41 


2.13 
2.88 


3.41 
4.12 


1.00 
1.32 


11.72 
12.77 


0.72 
2.79 


1.42 
2.99 


0.23 
4.87 


8.55 
10.59 


1.76 
3.27 
3.54 


2.30 
3.49 
6.50 


2.80 
7.93 
1.02 


10.63 
13.56 
16,11 


3.00 
2.15 
10.61 


4.67 
3.76 
12.59 


o.'si 


15.10 
14.56 
22.14 


3.55 
5.97 
3.16 


5.15 
7.68 
4.49 


5.46 
3.62 
4.26 


17.16 
19.15 
14.78 


3.76 
4.29 
4.09 
6.20 


5.16 
5.42 
5.05 
7.15 


8.52 
6.32 


22.08 
21.47 
20.30 
22.36 


3.28 
2.18 
7.50 
7.64 


3.49 
2.97 
7.16 
6.44 




11.11 
11.01 
18.14 
21.19 


1.29 
1.50 
7.36 
1.12 


1.98 
2.08 
9.86 
2.14 


0.27 
0.43 
1.07 
1.36 


16.74 
17.70 
20.00 
11.57 
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The figures in this table simply indicate that there 
are certain substances which can be extracted that 
need not necessarily indicate either harmful or use- 
ful substances. The study of these figures, however, 
may warrant the statement that woods with the low- 
est percentage of extractives for any given material 
may be assumed to show the greatest inertness 
when subject to liquids with solvent properties. The 
figures in this table for cypress for instance check 
determinations made as to the slight influence which 
cypress wood has on materials with which it comes 
in contact. The exact meaning of higher or lower 
extractives will not be understood until much more 
is known concerning these extractives. The table 
and quotation above given should be taken not by 
themselves but together with other experiences 
herein enumerated (see Chapter VII, page 16) . 

Another test reference taste, is one that was made 
in 1920 under the auspices of the Dairy Division of 
the U. S. Dept. of Agriculture at Grove City, Pa. 
Four boxes, each of the following kinds of wood 
were used, tulip poplar, white ash. Eastern hemlock. 
Southern pine, cypress, red gum, Sitka spruce, 



Cottonwood, Eastern spruce, Northern white pine 
and Pondosa pine. These boxes were packed with 
two pounds of butter made from unripened pastur- 
ized sweet cream. One box of each was paraffined; 
all were lined with parchment paper. The boxes 
were then placed in a refrigerator, and a tempera- 
ture varying from 34' to 40° F. was maintained for 
10 days. The boxes were then removed and the 
surface was examined for woody flavours by a com- 
mittee of three members of the Dairy Division of 
the U. S. Dept. of Agri. and one representative of 
the United States Forest Service. "Our tentative 
conclusions," they reported, "are that hemlock, 
cypress and Sitka spruce may be used for butter 
containers without imparting to the butter sufficient 
woody flavor to be commercially objectionable." 

The results of the tests mentioned indicate that 
cypress is a wood which gives very little color, odor 
or taste to materials contained therein. Such a 
quality will of course have to be taken into consid- 
eration in connection with other factors, such ai 
strength, lasting power, water absorption, etc. 



VIL RESISTANCE TO CHEMICALS 



CYPRESS has always been one of the principal 
woods used for the construction of tanks and 
vats. Experience in chemical industries 
indicates that cypress wood had certain qualities 
which made it particularly resistant to the action of 
commonly used acids and alkalies. This fitness or 
chemical inertness applied not only to specific 
chemical industries but to such industries as used 
vats in the preparation of foods, wines, etc. The use 
of wood in the chemical industries was made the 
subject of an interesting discussion by Clark S. 
Robinson, who has stated the case so well that the 
introduction of this article is herewith quoted in 
full:* 

"The value of wood as a construction material in 
the chemical industries is very commonly under- 
estimated. This arises from the fact that little in- 
formation is available in the literature in regard to 
the use of wood for such purposes, and it is often 
true that on account of lack of information the plant 
operator makes use of unsuitable wood, or puts it 
to improper uses. It is the purpose of this article 
to give a fairly comprehensive outline of the various 
woods and their uses for chemical plant work. 

Chemical apparatus made of wood is usually less 
expensive in its first cost than when made of metal. 
In many cases the diflference in favor of wood is 
great. When used for water or other liquids which 
do not destroy the wood, the life of the wood is very 
long. Cypress tanks are known to have lasted for 130 
years, while wooden water pipes have been in 
service underground for 100 years, such life being 
much in excess of that obtained from the ordinary 
steel of today. In many localities, the water con- 
tains material which quickly corrodes the best of 
steels while wood is quite unaffected. Wood does 
not require frequent painting to prevent corrosion 



as is the case with steel, and it can usually be re- 
paired or remodeled by the local carpenter. 

Wood is a poor conductor of heat, and wooden 
apparatus exposed to frost requires much less heat 
to keep the contents from freezing than is the case 
with metals. Conversely, the contents of tanks and 
piping can be kept cold more easily when wood is 
used. 

Wooden piping is not common in chemical 
plants, but it has many advantages, among which 
are the absence of corrosion due to electrolysis by 
stray electric currents, and its greater carrying ca- 
pacity under given pressure drop. Its value may be 
indicated by the fact that one large chemical plant 
in this country has nearly one hundred miles of 
wooden pipe. Its cost is also less than that of iron 
or steel, considerably so in the larger sizes. 

Wood is not a suitable material for use in ap- 
paratus handling strong oxidizing agents, such as 
concentrated nitric or sulfuric acids. It is readily 
attacked by strongly alkaline solutions. It must be 
protected by a suitable protective coating from the 
action of certain chemicals, such as concentrated 
hydrochloric acid. 

Wood is mechanically weaker than metals, and 
this limits the use of apparatus of comparatively 
moderate pressure, steel-banded wooden pipe hav- 
ing been used up to 130 pounds pressure, and re- 
inforced tanks up to 50 pounds pressure. 

Wooden tanks and piping swell when brought 
into contact with liquids, and shrink if allowed to 
dry out afterwards. This permits the joints of the 
apparatus to open up and leaks develop. The ap- 
paratus must therefore be kept full of liquid and, 

•Wood as a Chemical Ensrineerinff Material, hy Clark S. Robinson, 
from the Dept. of Chemical Ensfineerinj: Mass. Inst, of Technolosy. 
Journal of Ind. and Eng. Chem. Vol. 14, July, 1922, p. 607. 
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if this is not practicable, it should be filled with 
water to prevent drying out. 

The kinds of wood most commonly met with in 
this country are listed below in the approximate 
order of their popularity for chemical work in gen- 
eral. 

1. Red Gulf or Louisiana Cypress (Taxodium distichum) , 

2. Long Leaf Yellow or hard pine (Pinus palustris). 

3. California Redwood (Sequoia sempervirens) . 

4. White Pine (Pinus strobus). 

5. Douglas, Washington, or Oregon Fir (Pseudotsuga taxi- 

folia). 

6. Hard Maple (Acer saccharum), 

7. Yellow Poplar (Populus deltoides).* 

8. White Oak (Quercus alba). 

9. Tamarack (Larix laricina). 

10. Spruce (Picea rubra). 

11. Norway Pine (Pinus resinosa) 

It is difficult to explain the reason why a wood 
like cypress should be so resistant to the actions of 
chemicals. The following quoted from Hawley and 
Wise (p. 307) f, probably states the matter as clearly 
as anything which could be given: 

*'The mechanism of the protection against the 
attack of chemicals is probably different from that 
of protection against decay. We have seen that 
resistance of wood to decay is due largely to the 
toxic action of certain extraneous materials on the 
fungus, but it is difficult to conceive that the extra- 
neous material acts as a ^poison' or negative 
catalyst of, for instance, the hydrolysis of wood by 
dilute acids in the cold. It seems more likely that 
the extraneous material, itself resistant to the action 
of the chemical, furnishes a mechanical protection 
for the wood. This conception is not difficult to fol- 
low in the case of the protection offered by resinous 
materials against the action of acids, but it does not 
explain so readily the apparent protection by mate- 
rials soluble in dilute acids against resistance of 
woods with known composition of extraneous ma- 
terials against certain chemicals to make further 
speculation of this kind profitable." 

The most exhaustive investigation on the effective 
resistance of the various species of wood to various 
chemicals was made by S. J. Hauser and Clarence 
Bahlman of the Hauser Stander Tank Company. 
This investigation was so fundamental, that it is 
referred to not only by Hawley and Wise, is also 
included as a large part of his paper by Clark 
Robinson, but is copiously abstracted and forms the 
entire subject matter on "Resistance of Woods to 
Chemicals" in the Chemistry of Cellulose and Wood, 
by A. W, Schorger, 1926, pages 375-379. 

In view of the significence of the Hauser and 
Bahlman investigation, and by courtesy of the 
Hauser Stander Tank Company, their paper here- 
with follows in full: A study of the data presented 
by these two investigators will enable a prospective 
user to intelligently select the wood best used for his 
particular purpose, 

'Thia line is as origrinally printed in Professor Robinson's article. 
However the name for Yellow Poplar is wrong and should be Lirioden- 
dron tulip if era. 

tSame reference Hawley-Wise given before. 



A STUDY OF THE ACTION OF VARIOUS 
CHEMICALS UPON DIFFERENT WOODS 
USED FOR CHEMICAL TANKS 
By S. J. Hauser and Clarence Bahlman 

Considerable thought has been focused recently 
upon the suitability of wood as a material for mak- 
ing tanks and vats to hold liquids of widely different 
natures and concentrations. While wood tanks have 
been generally employed for holding chemical solu- 
tions in the factory it was not always known which 
wood was the best suited for any specific liquid. At 
times, on account of the scarcity or high cost of metal 
equipment, manufacturers have installed wooden 
accessories, and soon came to recognize many un- 
suspected advantages possessed by the latter. Often, 
however, a manufacturer hesitates to risk the pur- 
chase of wooden equipment because both he and the 
tank builder are unacquainted with the ability of 
the material to withstand the usage to which the 
tank must be put. 

It appears to us that a well worked out series 
of chemical experiments would yield information 
which, while not solving aU of the problems, would 
at least go a long way toward clearing up some of 
the doubts which constantly beset both the user and 
the manufacturer of wooden tanks and vats for 
chemical purposes. Evidently the resistance to 
chemical action must vary considerably with dif- 
ferent woods, and the object of our studies has 
been to ascertain the relative resistance of different 
woods, both in the natural state and also when cov- 
ered with so-called acid-proof paints, to the action 
of well-known chemicals in various strengths, at 
room temperature and at 100' C or above. 

The limitations of our tests were recognized at the 
outset. It was known, of course, that the ordinary 
strains and rough treatment which a wooden tank 
must suffer in the plant cannot be duplicated in the 
laboratory, and that the life of a wooden tank or vat 
in an industrial establishment is governed not only 
by its resistance to the contained chemical, but also 
by the skill and care used in its construction, and 
the intelligence with which it is handled by the 
plant operatives. Owing to the limited time in 
which to make these experiments, we have included 
only those woods in this study, which are most com- 
monly employed in making wooden tanks. Chemical 
analysis to show the extent to which a liquid is con- 
taminated, or altered in strength and composition 
when in contact with wood, moreover, would have 
been a valuable contribution to our knowledge, but 
the time and labor required for such tests would 
have been prohibitive. 

Although the adaptability of a wood for the pur- 
poses in which we are interested cannot be conclu- 
sively determined by laboratory experiments alone, 
it still remains a fact that such experiments are 
a wonderful help in explaining the failure of a 
wooden tank, on one hand, and in helping us to 
avoid future failures on the other. Laboratory 
results and factory experience should each be 
studied with an open, "give and take" mind, and 
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one will be more likely to reach the proper conclu- 
sion by a judicious consideration from both view- 
points. 

We therefore feel justified in submitting our 
results, incomplete as they are, because they have 
assisted us in many of our problems and have 
furnished us with a clearer conception of just what 
might be expected of any of our common woods, 
when exposed to the action of chemicals. This lab- 
oratory study has eliminated considerable guess- 
work, and has made us feel more confident as to 
the behavior of our tanks and vats. 

Woods Used — Six woods were used in these ex- 
periments: red gulf cypress, Douglas fir, long leaf 
yellow pine, California redwood, hard maple, and 
white oak. Uniform test-strips 4 "xl' xlyi", were pre- 
pared from each of the woods, thoroughly air- 
seasoned, and only those strips which were free from 
knots and other imperfections were used in the ex- 
periments. 

Outline of Experiments — Our tests were con- 
fined primarily to a study of the effect of various 
hot and cold liquids upon wood, rather than to the 
converse, the effect of the wood upon the fluid. The 
latter, however, comes within our notice to the 
extent that a record was kept of all colors assumed 
by the different solutions and liquids. 

The degree to which the woods were acted upon 
and the fitness of the wood for use with various 
liquids was judged from a quantitative determina- 
tion of the amount of fluid absorbed by the wood, 
the extent to which the wood suffered swelling or 
shrinkage and also by physical manifestations such 
as softness, brittleness, warping, disintegration, etc. 

The strips were carefully weighed and calipered 
(in thickness) to .001 of an inch just prior to insert- 
ing them into the solutions. Ordinary ^ass water 
tumblers were used for the room temperature tests. 
The strips fit nicely in these tumblers and it was pos- 
sible to weight them down by laying a piece of heavy 
glass tubing over the top of tumbler; in this way the 
wood was kept completely submerged in the liquid. 
For the tests with hot liquids the strips were cut in 
half so that they would float upon the surface of 
100 cc of the hot liquor in a 200 cc Erlenmeyer flask. 
A separate container was always used for each strip. 

Length of Exposure to the Chemical — In the 
tests conducted with the cold solutions (room tem- 
perature) the data for amount of solution absorbed 
and for changes in dimensions were obtained after 
one week's soaking in the liquid. After these deter- 
minations the specimens were returned to their 
proper solution for an additional three weeks' im- 
mersion. 

In the tests with hot or boiling liquids, the liquid 
was boiled for one hour upon each of eight days, the 
fluid and the test strip being at room temperature 
during the intervals between the boilings. 

Strips which were coated with asphalt or coal tar 
material, as described later, were submerged in cold 
solutions for a period of three weeks. 

Chemicals Used — The liquids used include 
ordinary acid, alkalis and salts in different con- 
centrations, as mentioned later on, and also linseed 



oil, turpentine, and distilled cottonseed-oil fatty 
acids. The latter is a solid which melts slightly 
above room temperature. 

Details of the Experiment — A description of 
some of the more important details and terms used 
in this study will be given here. 

After one week's immersion in the liquids at room 
temperature, the strips were removed, dried upon 
the outside with a rag and allowed to remain for 
fifteen minutes upon the laboratory desk in order to 
permit surplus liquid to evaporate from the surface 
of the wood strip. They were then weighed and the 
amount of liquid absorbed was calculated. This 
was expressed as "percentage gain in weight" and 
also as grams of liquid absorbed per strip, L e. per 
cubic inch. 

After obtaining these weights, the specimen strips 
were calipered. In the great majority of cases, the 
strips, at this point, showed increase in dimensions. 
This increase, expressed as a percentage of the 
original dimensions, we have termed "Temporary 
Expansion," since considerable of it is lost when the 
wood is allowed to dry in the air. 

After weighing and calipering the moist woods as 
described above, the strips were placed upon their 
sides and allowed to dry in the room for one week, 
after which they were again calipered. From this 
measurement is obtained what we have designated 
as "Permanent Expansion." 

The strips were then placed in fresh solutions and 
allowed to remain therein for three weeks, after 
which their physical condition was recorded. Brit- 
tleness and pliability were detected by attempting 
to break the strip in the hands; varying degrees 
of softness was detected by pinching between the 
fingers and by tapping the woods with the point of 
a sharp lead pencil held in a vertical position, using 
a slight amount of force. The other terms used in 
describing the condition of the wood specimens are 
self-explanatory. A record was also kept of colors 
imparted to the liquids, as well as of other observa- 
tions of interest. 

With the hot solutions the strips were weighed 
and calipered within a few seconds after removing 
from the hot liquid and drying with a rag, since to 
allow them to lie for fifteen minutes would have 
permitted considerable of the absorbed water to 
evaporate. Gain in weight, temporary and per- 
manent expansion and the condition of the woods 
were determined and recorded as in the case of the 
cold tests. 

Discussion of Data Obtained — Using the fore- 
going technique, the action of any chemical upon a 
wood may be judged from four standpoints: 

1. Colors extracted from the wood by the liquid. 

2. The extent to which the liquid is absorbed by the wood. 

3. The swelling or shrinkage of the wood as a result of 

contact with the liquid. 

4. Other effects upon the wood, such as softness, brittle* 

ness, cracking, etc. 

To present our results in detail would be a burden 
to the reader, and it is our intention to discuss them 
briefly and in a summarized fashion which will 
emphasize only the more important features. 
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I— COLORS EXTRACTED FROM WOODS 
BY VARIOUS LIQUIDS 

The extraction of color from wood can be account- 
ed for in two ways: First, the liquid acts merely as a 
solvent for coloring matters contained in the wood, 
there being no pronounced chemical change or 
evidence of destructive action of the chemical upon 
the wood. Secondly, the color is due to substances 
formed by the breaking down of the woody material 
under the action of the chemical. 

The color assumed by water contained in wooden 
vessels is of course to be explained as under the 
former. On the other hand, the dark brown and 
black color assumed by strong acids and alkalis is 
to be attributed to the disintegration of the wood, 
although some of it is also due to the extraction of 
pigment. Pronounced colors, therefore, usually 
accompany a destructive action upon the wood; 
colors of lesser intensity have little significance as 
indicators of action upon the wood. 

In many chemical processes involving the use of 
wooden containers, such as acid pickling, the manu* 
facturer is interested only in having the acid per- 
form the function for which it is intended and in 
preserving his wooden tank as long as possible. 
Colors taken up by the liquor from the wood are of 
little moment. In other cases, however, it is unde- 
sirable to have the liquid become noticeably tinted. 
Any wood which persists in imparting color to water 
used for drinking or laundry purposes, to the raw 
materials from which a colorless soap is to be pre- 
pared, or to various food and other products, cannot 
be expected to be favorably received by these trades. 
Color, therefore, assumes importance in some fields, 
in others it is of little import. 

A — Colors Extracted by Water 

Cold Water — To determine the relative degrees 
to which color is imparted to cold water by the 
various woods, the strips were placed in tumblers 
full of distilled water. Fresh water was added every 
twenty-four hours up to the fifth day. For four days 
thereafter the water was replenished only every 
forty-eight hours and after the eighth day the strip 
was left in the water for one week. A subsequent 
two weeks soaking in fresh water completed the test. 

In this way it was possible to compare the relative 
intensity of the colors from the diflferent woods, as 
well as the time required to exhaust the pigment 
from the sample strips. 

Oak and redwood yielded very pronounced color 
to the water within 24 hours or less. Thereafter no 
color could be extracted from these woods by 
further 24.hour immersions, but 48 hours exposure 
again showed color. A second 48 hours extraction 
still yielded color from the oak but not from the red- 
wood. Both woods, however, showed decided tints 
when subsequently soaked for one week. The final 
2 weeks immersion still showed a pronounced color 
from the oak, but only a faint tint was yielded by 
the redwood. 

Maple imparted no color to the water when 
soaked for four 24 hour periods. The first 48 hours 



immersion showed only a faint coloration; the 
second 48 hours test showed no color. The one week 
immersion again showed a slight tint, but at this 
time most, if not all, of the coloring matter had 
been extracted, since the two weeks test was devoid 
of color. 

Cypress, fir and pine failed to yield colors by any 
of these tests. 

Boiling Water — The strips were boiled in large 
beakers of distilled water for one hour upon each of 
8 days. Fresh water was used for each boiling. The 
relative persistence with which the samples impart- 
ed color to the water is shown in the following table. 

Table No. I — No. of Boilings Showing: 

Strong Color Slight Color No Color 

Cypress ,3 1 4 

Pine 2 6 0 

Fir 5 3 0 

Maple 5 3 0 

Oak 8 a 0 

Redwood 8 0 0 

Summary — Oak and redwood contain a large 
amount of coloring matter which is freely given up 
to water. In cold water the redwood pigments are 
exhausted somewhat earlier than those of the oak; 
in boiling water both woods yield pronounced colors 
even after 8 hours of boiling. These woods, there- 
fore, are more apt to yield objectionable colors to 
water and aqueous solutions than are the other 
woods. 

Maple yields only slight color to cold water, but 
this becomes exhausted after a short time. With 
hot water a decided color (less intense, however, 
than that from oak and redwood) is still extracted 
after 5 hours of boiling, but further boiling yields 
only traces of color. 

Cypress, fir and pine yielded no colors whatsoever 
to cold water, under the conditions of this test. With 
boiling water the cypress had lost most of its color- 
ing powers after the third boiling, and all of it after 
4 hours boiling. Cypress is the only wood from 
which the coloring substances were exhausted so 
soon. Fir and pine, while exhibiting no color in 
cold water, still showed slight traces at the end of 
the 8 boiling tests, but the intensity of the colors 
from the pine were decreasing much more rapidly 
than that from the fir. 

Conclusions — Obviously a larger volume of 
water might show a coloration which would escape 
detection in our small-scale experiments. Also, the 
relative proportion of water and wood in contact 
with one another is another factor governing inten- 
sity of color. Keeping in mind the merely relative 
nature of our tests, we may draw the following con- 
elusions in regard to the color imparted to hot and 
cold water by the six woods. 

Undoubtedly all dissolved pigments would even- 
tually be extracted even from oak and redwood, but 
it would require many changes of water to accom- 
plish this. Where it is desired to avoid this rather 
lengthy process of breaking in, and in order to 
obtain a colorless water from a new tank, redwood 
and oak are less adapted than the other woods. 
Cypress and pine are most suited for either hot or 



[19] 



cold water, with fir and maple standing next in order 
of usefulness. The colors contained in the latter 
woods would be extracted after a comparatively 
short time. 

Tastes Imparted to Water — The water used in 
the foregoing color experiments was tasted from 
time to time and the results wiU be given here. 

With cold water, all of the six woods gave a dis- 
tine "woody" taste after the firse and second 24-hour 
extractions. The taste from the pine was especially 
pronounced. No tastes were obtained thereafter 
from cypress, maple and redwood, even after the 
one-week and two-week soaking. Oak failed to give 
any taste after the third 24-hour immersion. Fir 
and pine, however, continued to give tastes until the 
close of the experiment, although that from the fir 
was very faint after the final two-weeks' immersion. 
The pine, however, persisted in yielding an intense 
woody taste. 

With boiling water the tastes naturally were 
intensified. After the 8 hours of boiling, the fir and 
pine still yielded a very strong taste, while that from 
the other woods, although not so pronounced, was 
still noticeable. 

Fir and pine, therefore, are to be considered as 
woods which will impart disagreeable tastes for 
quite some time, and these woods should not be used 
as containers for edible products, unless the taste- 
producing constituents are thoroughly extracted be- 
forehand. 

Oak and redwood, therefore, will not yield tastes 
after a few days, but persist in imparting colors to 
the water. Fir and pine are the converse of oak and 
redwood; that is, they persist in imparting taste but 
yield no color. From the standpoint of color and 
taste, then, we may summarize our findings as fol- 
lows: 

1. Oak and redwood are objectionable from the standpoint 

of color. 

2. Fir and pine are objectionable from the standpoint of 

taste. 

3. Cypress is the only wood which imparts neither color 

nor taste, after a few days. Maple is the nearest to 
Cypress in this respect. 

B — Colors Extracted by Cold Acids and Alkalis 

Color cannot be avoided when the woods are ex- 
posed to the stronger chemicals, but they may be 
minimized or evaded entirely with weaker solutions 
by choice of the proper wood. Just as in the case of 
water, oak and redwood yield considerably more 
color to other liquids, than do the other woods. 

Colors in the various solutions, as reported below, 
were obtained after 7 days' immersion in the solu- 
tion. 

Acetic Acid — 5% and 25% acetic acid remains 
uncolored by cypress, fir, maple and pine, but be- 
comes light brown when in contact with oak and 
redwood. Fifty per cent and glacial acetic acid 
withdraw only light yellow tints from the first men- 
tioned woods, but darker brown colors from oak and 
redwood. 

Hydrochloric Acid — In 5% and 10% concen- 
tration this acid assumes a light brown color when 



exposed to oak and redwood, but even 25% hydro- 
chloric acid is not tinted by the other four woods. 
Colors ranging from light yellow to opaque black 
are withdrawn by the 50% acid from all the woods 
except cypress; the latter yielding no color. All 
the woods are considerably attacked by concentrat- 
ed hydrochloric acid, the solution in all cases be- 
coming opaque black. 

Sulphuric Acid — Ten per cent and weaker dilu- 
tions of sulphuric acid remain uncolored by cypress, 
fir, maple and pine, but oak and redwood yield 
colors even to a 1 % solution of this acid. All of the 
woods, except fir, yield colors to 25% sulphuric 
acid. 

Nitric Acid — Five per cent nitric acid is colored 
deep yellow by all of the woods. This color seems 
to be due more to the formation of oxides of nitro- 
gen from the acid than to any pigments from the 
wood, since the colors are practically identical with 
all of the samples. 

Caustic Soda — Even in 1 % concentration this 
alkali extracts colors from all of the woods, cypress 
yielding the least color. Stronger concentrations 
become dark brown or black, with cypress and pine 
showing lighter shades than the other woods. 

Saturated, Filtered Lime Water — This be- 
comes pale yellow with four of the woods and light 
brown with oak and redwood. 

Five Per Cent Bleaching Powder Suspension — 
This becomes pale yellow from all of the woods 
except cypress, which yields no color. 

Sodium Sulphide — This strongly alkaline salt 
acts very similar to caustic soda, assuming pro- 
nounced shades of brown very quickly from all of 
the woods. 

C — Colors Extracted by Cold Salt Solutions 

Sodium Carbonate — A 5% solution becomes 
faintly yellow with cypress and much deeper in 
color with the other woods. All of the six woods, 
therefore, can be said to yield color to any liquid 
which is alkaline in reaction but cypress is better 
than the other woods. 

Sodium Bisulphite — A 10% solution is colored 
pale yellow by all of the woods; with oak, however, 
quite a precipitate is formed and the color of the 
solution changes to grayish-black. 

Sodium Chloride — A 10% solution becomes yel- 
low or light brown when in contact with all of the 
woods except fir and pine, which yield no color to 
the liquid. 

Calcium Chloride — 10% and 25% solutions of 
this salt remain uncolored by all of the woods except 
oak and redwood. Maple shows a trace of color in 
the 25% solution, but not in the 10% dilution. 

D — Colors Extracted by Organic Liquids 

Turpentine is given a slight yellow tint by all of 
the woods, but linseed oil and distilled cotton-seed 
oil fatty acids remain unaltered in color. 

E — Colors Extracted by Hot Liquids 

A hot liquid naturally extracts more color from a 
wood than does the same liquid when cold, and only 
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a few comparisons of colors extracted from hot and 
cold solutions of the same strength need be men- 
tioned here. 

5% and 10% solutions of hydrochloric and 
sulphuric acids uncolored by cypress, fir, maple and 
pine when in the cold, assume a light yellow or 
brown color when boiled with these woods. Boil- 
ing 1 % caustic soda becomes opaque black when in 
contact with fir, oak and redwood, the other three 
woods yield light brown colors. The stronger solu- 
tions, of course, are colored much more deeply. 

Turpentine, at 150" C, is rendered very slightly 
yellow by all of the woods, but hardly more so than 
at room temperatures. The hot linseed oil (temper- 
ature about 160*C) is not appreciably darkened by 
any of the woods. The hot distilled cotton-seed oil 
fatty acids is very slightly darkened by the oak and 
the redwood, but not by the other woods. 

II— QUANTITY OF LIQUID ABSORBED 

The amount of liquid absorbed by the wood after 
one week's immersion at room temperature and 
after 8 hours in the boiling solution has been ex- 
pressed in two ways. First, as the percentage of the 
original weight of the wood and. Second, as the 
grams absorbed per strip of wood, L e., per cubic 
inch. 

There is a wide difference in the weight of equal 
volume of the woods used in these tests, and an 

TABLE No. 11. 

Grams absorbed per strip of wood 
(4" X 1" X 1 cu, in.) from cold and hot liquids 
(Averages of results for different concentrations of the same solution.) 





(1) 
Cypress 


(2) 
Fir 


(3) 
Pine 


(4) 
Redwood 


(5) 
Maple 


(6) 
Oak 


HtO (Water) 




3.8 


5 


1 


4.9 


5.9 


8.2 


6.5 




hot 


5.4 


7 


7 


5.8 


6.4 


7.9 


8.3 


Ha (Hydrochloric Acid) 




3.7 


4 


3 


3.9 


4 


6 


6.8 


5.9 




hot 


7.4 


8.3 


6.2 


9.7 


6.7 


6.5 


HsSOi (Sulphuric Acid) 




3.5 


3 


2 


5.1 


5 


1 


6.7 


4.3 




hot 


9.2 


0 


5 


5.3 


9.9 


7.7 


7.1 


HNOi (Nitric Acid) 




3.6 


4 


4 


3.7 


4.6 


7.9 


6.2 




hot 


3.2 


(x) 


4.4 


(x) 


(«) 


(x) 


CHsCOOH (Acetic Acid) 




4.3 


3 


4 


2.9 


4 


5 


6.1 


4.4 


N«OH (Sodium Hydroxide) 


cold 


6.5 


9 


3 


7.1 


9 


8 


9.4 


11.4 




hot 


9.2 


9 


2 


5.9 


9 


6 


8.3 


8.0 


N«iCOi (Sodium Carbonate) , 




3.2 


5 


8 


4.0 


6 


8 


6.8 


3.9 




hot 


9.9 


9 


0 


G.5 


8 


8 


9.0 


5.0 






8.0 


9 


9 


6.8 


9 


8 


10.0 


11.0 


Ca(OH)i (Calcium Hydroxide) . 


. cold 


7.2 


6 


2 


3.8 


7 


4 


8.5 


7.5 


Ca(CiO)a (Bleaching Powder) . . 


. cold 


2.4 


3 


3 


2.1 


5 


1 


6.3 


2.7 


NaHSOi (Sodium Bi-Sulphite) . . 


. .cold 


5.9 


5 


4 


3.0 


7 


2 


7.2 


4.1 






1.6 


2 


6 


1.9 


5 


1 


5.8 


2.2 




hot 


5.7 


6 


5 


5.8 


7 


9 


8.3 


4.8 


CaCIs (Calcium Chloride) 




1.1 


2 


1 


1.3 


5 


2 


5.4 


1.3 






4.0 


2 


6 


1.1 


5 


1 


3.1 


1.1 




hot 


5.9 


4 


4 


1.1 


4 


8 


4.1 


0.5 






2.0 


3 


2 


1.6 


4 


8 


2.6 


1.5 




hot 


4.4 


4 


6 


1.1 


8 


5 


3.5 


0.2 


Cotton«eed Oil Fatty Acids . . . 




2.1 


1 


2 


1.6 


3 


6 


1.1 


0.7 


hot 


4.4 


4 


4 


2.2 


5 


2 


4,4 


1.1 



<x) Wood too much disinteffrated to weigh. 



actual percentage gain in weight in two woods by no 
means denotes an equal absorptive power. A high 
absorption of a liquid which has destructive action 
upon the wood evidently will hasten the disintegra- 
tion of the latter, which would not proceed nearly 
so rapidly were the absorbent powers of the wood 
not so great. 

For this reason the weight of solution absorbed 
per strip or cubic inch is more significant, and is 
more of a measure of the absorptive powers of the 
wood than is the percentage gain in weight. To 
illustrate the diflferent significance of percentage 
absorbed and weight absorbed, the results for red- 
wood will serve as an example. This wood, with all 
of the 37 concentrations of the 16 liquids used in 
this work, shows a very much greater percentage 
gain in weight than any of the other woods, although 
in the great majority of cases it is maple which 
really absorbs the most per cubic inch, as will be 
brought out in the tables and charts. 

The amount of liquid absorbed at room tempera- 
ture was obtained after one week's immersion. The 
solutions which were used in this study are shown 
in Table No. 4. 

For absorption of hot liquids, the wood strips 
were weighed immediately after removal from the 
hot fluid, in which they had been heated for a total 
period of 8 hours. With the aqueous solutions the 
temperature obtained was that of their boiling 
points, which varied from slightly above lOO'C to 
about llO^C for the more concentrated liquids. The 
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turpentine, linseed oil and cotton seed oil fatty 
acids reached temperatures of 140 to 165°C. 

Discussion of Results — The amounts absorbed 
by any one wood from diflferent concentrations of 
the same chemical fluctuated irregularly, and many 
graphic charts were prepared in an attempt to form- 
ulate some general rule which would express the be- 
havior of the wood, as regards absorption, when the 
strength of the solution was altered. It was expected 
that the amounts absorbed would either increase or 
decrease as the strength of the solution was in- 
creased, and that the diiferent woods, in most in- 
stances, would act similarly, but the results were 
disappointing. As an illustration of the irregularity 
of the absorption results, we may discuss the data 
obtained with sulphuric acid and caustic soda, 
shown in Chart No. h 

In this chart it will be seen that with cypress and 
oak the percentage gain in weight due to absorption 
of sulphuric acid decreases rapidly as the concentra- 
tion of the acid is increased to 10%, whereas red- 
wood, maple and pine absorb practically the same 
in 1 % and 5 % sulphuric acid. 

The absorption of the redwood and maple then 
decreases as we approach the 10% concentration 
(similar to the decrease shown by cypress and oak) , 
but fir shows increased absorptive powers within 
this zone, while that of pine is changed but little. 
Redwood, pine and maple show the highest absorp- 
tion when in the 25 % solution, while fir shows less 
absorption than with the weaker solutions. 

The absorption curves for the six woods in caustic 
soda solution also are not similar. While cypress 
absorbs about the same amount from 1%, 5% and 
10% solutions of this chemical and then suffers a 
decrease in absorptive capacity, fir, maple, oak and 
pine act quite differently. The absorption by these 
woods increases as the strength of solution increases, 
reaching a peak at the 10% soda solution for the 
first three woods and at 5 % for the pine. The red- 
wood curve, moreover, is entirely dissimilar to that 
of the other woods, showing a precipitous drop from 
the 1 % to the 25 % concentrations. All the woods, 
with the exception of oak, are alike, however, in that 
the least absorption is obtained with the strongest 
concentration of the alkali. 

The foregoing discussion, with only minor modifi- 
cations, holds good if based upon the grams ab- 
sorbed per cubic inch instead of upon the percent- 
age gain in weight. 

Similar peculiarities were shown to exist with hot 
solutions and with other chemicals in solutions of 
different concentration, but these will not be taken 
up in this paper. Suffice it to say that these differ- 
ences for general purposes are of minor importance; 
they are differences of degree only. We have found 
that they may be smoothed over and the data 
simplified, without any loss in significance, if the 
results for the various concentrations of one chem- 
ical are averaged. A comparison of these averages 
then reveals the difference in absorptive capacity of 
the woods in which we are interested. 

Table No. 2 shows the average number of grams 
absorbed per strip (cubic inch) in both hot and 



cold liquids. These results are best studied by 
graphic charts. Chart No. 2 has been prepared from 
the figures shown in Table No. 2 and Chart No. 4 
from those displayed in Table No. 3. The charts are 
self-explanatory. A study of this data reveals the 
following facts: 

(1) All of the woods absorbed varying amounts 
of the liquid in which they were immersed. The 
lowest absorption was 0.2 gram of hot linseed-oil 
per cubic inch, by oak, and the same wood showed 
the highest absorption 11.4 grams of NaOH per 
cubic inch. 

(2) The weight of cold water, hydrochloric acid 
and nitric acid, absorbed per cubic inch is greatest 
in the case of maple and least with cypress, the order 
of absorption being maple, oak, redwood, fir, pine, 
cypress. Practically the same weight of each three 
liquids is absorbed by any one wood; the remark- 
able similarity of the water, HCl and HNOs dia- 
grams in chart No. 2 illustrates this graphically. 

(3 ) With H2SO4 and acetic acid maple still stands 
out with the highest absorptive power, but, unlike 
the water HCl and HNO3 results, we find cypress 
absorbing more than fir, redwood more than oak, 
and pine equaling redwood in absorption of sul- 
phuric acid. 

(4) Sodium sulphide, due to hydrolysis, gives an 
intensely alkaline solution, and very similar results 
upon all the woods are obtained with this chemical 
and with caustic soda. Oak and not maple, absorbs 
the most of these two strong alkalis per cubic inch. 
Maple and redwood absorb about the same amounts, 
with fir taking up only a slightly lesser amount. The 
weight of the alkali solutions absorbed by all of the 
woods is considerably greater than the quantities of 
water, acids, salt and organic liquids, which are 
absorbed, as will be seen from the chart. 

(5) Lime water, also, is absorbed to a greater ex- 
tent than acids and salts by all the woods with the 
exception of pine. 

(6) With bleaching powder and Na2C03, maple, 
redwood and fir show the highest absorptions, while 
cypress, oak and pine show lesser and, roughly, the 
same absorptive capacity, 

(7) Cypress, which shows comparatively low ab- 
sorptions of acids and salts, absorbs an unusually 
large amount of NaHSOs, 5.9 grams per cubic 
inch. Maple and redwood, however, absorb greater 
amounts than the other woods. 

(8) With the neutral salts, NaCl and CaCk, the 
absorptions for any one wood are roughly, quite 
similar, the NaCl being absorbed to a somewhat 
larger extent than the CaCk. 

(9) In all of the three organic liquids maple sur- 
renders its high absorptive capacities to redwood, 
while oak absorbs least. Cypress shows higher ab- 
sorptive capacities than we would expect from the 
results with the other chemicals. 

(10) Maple has been shown to absorb more 
grams per cubic inch from water, acids, weak alkalis 
and salts than do the other woods. Redwood, how- 
ever, on account of its lightness, always shows the 
highest percentage gain in weight, without excep- 
tion. 



[24] 




p/srfi,i.9» ftr»M0€ff^Bmn ^i/L^it¥*tt fi/tiwic ac£t/^ soo/i//v SoPfUM sca/u^ 

WATMM A€/P ACtO AC/ 9 A(fO Myff/fOK/»£ CAASPJ^ATe SiJf-^Htfi£ 



I 

VJ 

\ 



I 



0 Xl4t^\ 




a 







/ 






P//^£ - 


J 






tfAflB - 


S 




& 








T£/1PCAAAf 


|| 




-iV^r ■ 



0 




tAt^'VM BLtAtHim SCPW/f S6$iVff CAltft/tf 9umMtMfMt £iM^££P t>*iT/LL£0 
fttMMipe ^o^»£M Bi'iVL^rttrt Cffi-ePiOi caiOMiOe r^/rrtf^rm*, «./^^ corr^tif steo m 



[25] 



(11) The lines in the charts which represent the 
absorption from hot liquids do not parallel those of 
the cold fluids. In practically all cases, however, 
water, the acids, salts and the three organic fluids 
were absorbed to a greater extent when hot. Sodium 
hydroxide is unusual in the respect that all of the 
woods absorb more from cold than from hot solu- 
tions of this chemical. 

(12) Another peculiarity of the hot tests is seen 
in the very low amounts of hot turpentine and hot 
linseed oil which are absorbed by oak, less than is 
absorbed by the cold liquid. It will be seen in the 
chart that oak and pine absorb much smaller 
amounts from the three organic liquids, when hot, 
than do the other woods. The low absorption of hot 
linseed oil, hot turpentine and hot distilled fatty 
acid may be partially due to the loss of moisture, 
naturally contained in the wood, at the high tem- 
peratures employed. 

Conclusions 

(a) There seems to be no general rule governing 
the amount absorbed by wood from different con- 
centrations of the same chemical. 

( b ) With all the liquids redwood shows the great- 
est absorption, when this is expressed as a percent- 
age of the original weight of the wood. 

(c) When expressed as grams absorbed per cubic 
inch, however, maple has the greatest absorptive 
capacity toward water, acids, weak alkalis and salts. 
In strong alkali solution oak has the greatest absorp- 
tive capacity; in the three organic liquids, redwood 
ranks first while oak has comparatively low absorp- 
tive properties. 

(d) Each of the woods absorb acids to about the 
same extent to which it absorbs water, but strong 
alkalis are taken up to a much greater extent. 

(e ) Hot water is absorbed much more freely than 
any other liquid. 

(f ) Usually the hot liquids are absorbed in great- 
er amounts than the cold fluids, but caustic soda is 
an exception to this, more being absorbed from the 
cold than from the hot solution. 

Ill— EXPANSION AND SHRINKAGE 

The temporary and permanent expansions, as 
defined earlier in this paper, also show irregularities 
in magnitude for different strengths of the same 
chemical in solution, just as was found when study- 
ing the absorption data. 

With the acid solutions, the difference between 
the temporary and the permanent swelling is great- 
est with the weaker dilutions, and the two deter- 
minations closely approach and often equal one an- 
other at the stronger concentrations. This is illus- 
trated graphically in Chart No. 3 which shows the 
curves given by the six woods in various dilutions of 
sulphuric acid. 

With the salts and alkalis, however, such a rela- 
tionship between the temporary and permanent 
sweUing was not clearly marked. With caustic soda 
the temporary and permanent expansion for five of 
the woods, remained well separated at the stronger 



concentrations, although they were almost identical 
in the case of oak in 25% NaOH. This wood 
suffered contraction, after air-drying, in the weaker 
solutions of this alkali. The caustic soda curves are 
also shown in Chart No. 3. 

In studying the data, the results for various dilu- 
tions of the same chemical were averaged as was 
done with the absorption figures. These average 
results are shown in Table No. 3. When shrinkage 
occurred it was expressed as a negative expansion. 
Chart No. 4 is constructed from the figures shown 
in this table. 

Discussion of Results — A study of the results 
for expansion and contraction reveals: 

(1) All woods expand, or "swell," when exposed 
to cold aqueous solutions. There is but little change 
in dimensions, however, in linseed oil, turpentine, 
or cottonseed oil fatty acids. 

(2) When the expanded wood is removed from 
the solutions and allowed to dry in the air for one 
week, considerable of this temporary expansion is 
lost. In most cases, however, the contraction dur- 
ing air drying is only partial; the air-dried wood 
very seldom goes back to its original dimensions. 
There is in most instances, a "permanent expan- 
sion. 

(3) In some cases the wood, which has expanded 
while in the liquid, will shrink far beyond its 
original dimensions, after being air-dried. Thus 
nitric acid, caustic soda and sodium sulphide force 
both oak and maple to shrink; while redwood, in 
addition to oak and maple, shrinks when in a solu- 
tion of bleaching powder. 

(4) With all solutions the temporary expansion 
may either be greater or less than that of the same 
wood in water, but the permanent expansion is 
almost invariably greater than that in water, except 
with those solutions which have marked contractile 
properties (HNOs, NaOH, Na2S, Bleaching Pow- 
der). 

(5) For any wood the temporary swellings in the 
aqueous solutions do not differ greatly in magni- 
tude, but the permanent expansions vary widely* 

(6) Redwood swells more under the influence of 
nitric acid than when acted upon by the other acids, 
but with the other woods nitric acid produces the 
least expansion, and actually causes oak to contract. 

(7) NaOH and Na2S produce no unusual expan- 
sions with cypress, fir and pine, but cause a pro- 
nounced shrinkage in maple and oak. Redwood, 
however, shows an enormous expansion with these 
chemicals, just as it did with nitric acid. 

(8) Bleaching powder, in addition to the above 
chemicals, has contractile properties, causing shrink- 
age in redwood, maple, oak and fir, and permitting 
only limited expansions in cypress and pine. 

(9) With practically all of the solutions redwood 
shows the greatest swellings, and oak the least. The 
latter wood often is shrunken. 

(10) With liquids above 100**C the expansion is 
less, in most cases, than with liquids at room tem- 
perature, and pronounced shrinkages are frequently 
encountered. 

(11) The tendency of hot liquids to produce 
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shrinkage is quite marked (as high as 21% in the 
case of oak in hot 5 % NaOH) . These contractions 
do not occur, however, while the wood is in the hot 
fluid, but only after it has undergone drying in the 
air* Oak is the only exception to this. 

( 12 ) Cypress and pine, which were never shrunk- 
en by cold liquids, showed contractions with hot 
NaOH and HNOa, but only after being air-dried. 
Pine also contracted with hot HCl solutions. 

(13) With the hot solutions maple and oak were 
contracted more frequently and to a greater extent 
than the other woods. 

(14) With the hot aaueous solutions the shrink- 
ages appeared only after the wood had been re- 
moved from the solution and had dried in the air. 
With the organic liquids, however, the temporary 
and permanent expansions were identical, and 
always negative. In other words with these sub- 
stances the shrinkage took place while the wood was 
in the hot liquid, and subsequent air-drying caused 
no changes in dimensions. 



TABLE No. III. 

Temporary and Permanent Expansion of Different Woods in Hot and Cold Liquid. 
(Averages for different concentrations of the same solution.) 







(1) 
Cypress 


(2) 
Fir 


(3) 
Pine 


(4) 
Redwood 


(5) 
Maple 


(6) 
Oak 






Temp. 


Perm. 


Temp. 


Perm. 


Temp. 


Perm. 


Temp. 


Perm. 


Temp. 


Perm. 


Temp. 


Perm. 




hot 


2.5 
5.0 


1.0 
2.0 


6.5 
6.0 


0.5 
0.5 


8.0 
9.0 


2.5 
3.0 


8.0 
14.5 


3.5 
13.0 


8.5 
8.0 


1.5 
0.5 


5.0 
2.0 


1.0 
0.0 




cold 

hot 


5.8 
1.3 


3.8 
0.7 


5.4 
2.7 


3.1 
1.3 


6.5 
6.0 


3.3 
-0.4 


9.1 
9.5 


7.6 
6.5 


9.0 
4.6 


6.1 

-3.4 


6.5 
2.5 


3.4 
-2.9 




cold 

hot 


5.8 
3.1 


4.5 
2.5 


3.9 
3.1 


2.4 

2.4 


7.1 

5.2 


4.4 
1.4 


7.6 
7.8 


6.9 
7.6 


8.4 

4.5 


5.2 
1.3 


3.9 
4.0 


1.8 
0.1 




hot 


5.3 
1.8 


2.5 
-3.4 


5.5 
2.5 


0.8 
-3.7 


7.3 

5.0 


2.0 
-6.3 


11.8 
(x) 


9.7 
(x) 


7.7 

8.0 


0.5 
-12.9 


3.3 
(x) 


-1.3 
<x) 






5.4 


3.5 


5.3 


2.5 


6.1 


2.8 


8.3 


7.0 


8.6 


4.4 


3.7 


1.5 




hot 


6.3 
5.5 


1.9 
-0.2 


8.4 
6.4 


1.1 

-6.5 


7.4 
6.4 


2.4 

-6.0 


13.6 
5.9 


10.1 
-2.1 


13.0 
8.5 


-2.8 
-5.6 


5.4 
-2.0 


-5.3 
-13.6 




hot 


5.0 
5.0 


1.5 

3.0 


5.5 
4.5 


2.5 
-0.4 


6.5 
8.6 


3.5 
2.0 


5.5 
10.8 


6.0 
6.6 


7.8 
6.7 


2.0 
1.0 


3.9 
4.5 


1.3 

-7.2 






6.8 


3.0 


7.8 


2.2 


8.0 


2.0 


17.5 


16.8 


11.8 


-1.3 


3.5 


-1.2 




cold 


4.3 


2.5 


6.0 


4.0 


6.5 


2.3 


10.0 


8.0 


11.0 


5.0 


4.7 


2.0 






4.2 


1.0 


3.5 


-0.4 


6.0 


1.0 


2.7 


-4.7 


6.0 


-3.0 


2.6 


-0.8 






5.5 


3.5 


5.0 


1.8 


5.5 


2.2 


6.6 


3.3 


8.7 


4.0 


3.0 


1.8 




hot 


4.0 

1.8 


2.5 
1.0 


4.0 

5.0 


2.2 
1.1 


4.5 

5.3 


1.5 
1.0 


9.5 
7.7 


6.5 
1.1 


6.3 
7.0 


3.5 
1.1 


1.8 

6.3 


1.0 
1.1 






2.5 


1.3 


1.2 


1.8 


3.2 


2.0 


9.8 


8.5 


6.0 


5.5 


1.8 


1.2 




hot 


0.5 
-1.7 


0.0 
-1.7 


0.5 
-2.0 


0.0 
-2.0 


0.0 
-1.6 


0.0 
-1.6 


-0.5 
-0.5 


-0.5 
-0.5 


0.0 
-2.7 


0.0 
-2.7 


0.0 
-1.7 


0.0 

-1.7 




hot 


0.0 
-1.8 


0.0 
-1.8 


0.0 
-1.2 


0.0 
-1.2 


0.0 
-1.2 


0.0 
-1.2 


0.0 
-0.9 


0.0 
-0.9 


0.0 
-4.0 


0.0 
-4.0 


-1.2 

-0.8 


-1.3 
-0.8 




hot 


0.0 
-2.1 


0.0 
-2.1 


0. 0 
-2.4 


0.0 
-2.4 


0.0 
-3.6 


0.0 
-3.6 


0.0 
-0.9 


0.0 
-0.9 


0.0 
-2.0 


0.0 
-2.9 


0.0 
-1.7 


0.0 
-1.7 



NOTE— A negative wign indicates contraction or shrinkage, (x) Wood too much disintegrated to caliper. 



Conclusions 

(a) All woods expand in cold aqueous solutions. 
This increase in dimensiona is partially lost when 
the wet wood dries in the air. Some woods, with 
nitric acid and the alkalis, show shrinkages after 
drying. With hot solutions there is a marked ten- 
dency toward shrinkage, but usually this does not 
occur until after the wood has dried. This tendency 
is least shown by cypress, pine and redwood. 

(h) The cold organic liquids produce neither 
swelling nor shrinkage, but the hot liquids cause a 
shrinkage in all woods, and this takes place while 
the woods are still in the fluid. 

(c) In cold aqueous solutions the permanent 
swelling is greater than in water. 

(d) Redwood shows the greatest expansion and 
oak the least. Oak and maple show shrinkages very 
frequently. Cypress, pine and fir show intermediate 
expansions. Cypress and pine never show shrinkage 
in cold aqueous solutions, and only seldom in the 
hot solutions. 
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IV— OTHER PHYSICAL EFFECTS OF 
CHEMICALS UPON WOOD 

The physical condition of the test strips after one 
month in the cold liquids and after an eight-hour 
exposure to the hot fluids is shown in Table No. 4, 

The following abbreviations were used: 

SS— tlightly soft. 

S— sofL 
VS— very Boft 
VH — very hard. 
SB— slightly brittle. 

B— brittle. 
VB— very brittle. 

P — pliable. 
SP— slightly pliable. 
Sh — noticeably shrunken. 
Ex — noticeably expanded. 
CI — cracked lengthwise. 
W — warped. 

Di — considerably distorted. 
GR — grain raised or roughened. 

FZ — covered with downy "fuzz." 
CH— charred. 

Shd — shredded, easily picked apart. 

In Table No. 4 a dash indicates no noticeable 
action upon the wood, and, where the test was made 
at room temperature only, an unfilled space is left 
in the hot column. The results were recorded after 
the strips had dried in the air for one week after 
their removal from the liquids. There was very 
little difference in the condition of the wood just 
when removed from the liquid and after the addi- 
tional air drying, except that in some cases a slight 
pliability in the wet wood would disappear after 
drying, a slight brittleness being noted. 

Table No, 4 reveals the action of the different 
chemicals upon each of the woods very clearly. 
Slight softness (SS) and a roughening of the grain 
(GR) probably have little significance and should 
not be taken as indicating unfitness of the wood. 
The other terms, however, are demerits which lessen 
the adaptability of the wood for use with chemical 
solutions. To summarize the information shows in 
this table — 

(1) Acetic acid, even in glacial concentration, 
has no effect upon any of the woods. 

(2) Redwood is rendered brittle even by 5% 
HCl, and maple and oak are similarly affected by 
the 25% acid, but this strength has no detrimental 
effect upon cypress, fir and pine. Hydrochloric acid 
in 50% concentrations, however, injures all of the 
woods except pine. 

The concentrated acid is exceedingly destructive 
to all woods, and especially so to oak and maple. 

(3) Even 1% H2SO4 produces brittleness in red- 
wood, but 5% has little effect upon other woods. 
Ten percent H2SO4 effects oak and maple and causes 
softness in fir. Cypress and pine, however, are 
unacted upon, and these woods are not much affect- 
ed, outside of slight brittleness in cypress, by the 
25% acid. 

(4) Redwood becomes very soft in 5% HNOs, 
and oak and maple are injured by 10 % HNOs ; this, 
however, has no serious action upon cypress, fir and 
pine. Twenty-five per cent nitric acid has pro- 



nounced action upon all of the woods; maple and 
oak being considerably shrunken by this chemical. 

(5) Maple, oak and redwood are attacked to a 
remarkable extent by 1 % NaOH, although the other 
woods withstand the action of 10% alkali. Pine is 
the only wood not affected by 25% NaOH, which 
renders the other woods pliable. 

(6) Sodium sulphide up to 20% concentration is 
destructive only to oak and redwood. 

(7) Oak, maple and redwood are not adapted for 
use with bleaching powder since they are either 
shrunken or rendered soft or pliable. Cypress, fir 
and pine seem to be little affected, except for the 
formation of a surface film of fine fibers. This oc- 
curred with all of the woods. 

(8) A slight brittleness appears in redwood, 
when soaked in common salt solution, but the other 
woods are unaffected ; and all of the woods show no 
effects from NaHSOa, lime water, CaCb or from the 
three organic liquids. 

(9) Hot liquids naturally have a more powerful 
action than the cold fluids. 

(10) Boiling 25% solutions of HCl and H2SO4 
ruin all of the woods, redwood being completely 
charred by these solutions. 

(11) Boiling 5% HNOs injures aU of the woods. 
In the hot 10% HNOs all the strips were shredded 
into long fibers. 

(12) Cypress stands up well in boiling NaOH up 
to 25% concentration. Pine is not noticeably 
attacked until the concentration reaches 10 % . The 
other four woods were harmed considerably even 
by hot 1 % solutions. 

(13) Hot Na2C03 shrinks oak and softens red- 
wood, and hot NaCl renders the latter wood brittle, 
but the other woods show no visible effects from 
these salts. 

( 14 ) No action upon any of the woods was shown 
by the hot organic liquids. 

Conclusions 

(a) Of all the chemicals used in these experi- 
ments, nitric acid and caustic soda are the most 
detrimental towards wood. The alkali and the 
stronger dilutions of nitric acid have a tendency to 
cause shrinkage, especially when heated. 

(b) There is always one wood (and often more) 
which is able to resist the action of the other 
chemicals, at least in moderate concentrations. 

(c) We can obtain a general idea of the relative 
fitness of the six woods from the number of instances 
in which each of them was detrimentally affected. 
Of the thirty-eight liquids used, the number which 
noticeably affected the different woods at room tem- 
perature ( disregarding slight softness and roughen- 
ing of grain) was as follows — pine 4, cypress 7, fir 8, 
maple 13, oak 15, redwood 22. 

PROTECTIVE COATINGS 

Asphalt and coal-tar pitches are sometimes used 
as a protective coating upon woods which are to be 
exposed to the action of corrosive liquids. These 
products may be either solids, which are liquefied 
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by heat before applying to the wood, or liquid prep- 
arations, so-called "acid-proof paints." Whether 
these preparations are successful in preventing the 
penetration of a liquid will depend upon the resis- 
tance of the coating to the action of the chemical and 
upon the completeness with which the pores of the 
wood are covered. 

To test the resistance of the solid asphalts and 
pitches toward strong chemicals, fragments with 
sharp edges and projecting points, about the size of 
a peach-stone, were placed for one week in beakers 
containing acids and alkalis at room temperature. 
Any action of the liquid upon the material would 
then be revealed by a softening of the lump with 
consequent rounding of its edges, or by the liquid 
assuming a dark color. 

In no instances was any softening noted, but the 
relative resistance of the different products could be 
judged by the colors imparted to the liquids. 

50% and weaker solutions of H2SO4 had ab- 
solutely no effect upon the samples, but the con- 
centrated acid soon became black and opaque. 

About one-half of the samples were unacted upon 
by concentrated HCl, but some of the others im- 
parted color to 25 and 50% HCl. 

With one exception, 50%HNO3 showed no effects 
upon the samples. The concentrated acid, however, 
in all cases colored deeply in less than one hour, and 
brown fumes of nitrous oxides were given off. 

No action was noted with 25% NaOH or glacial 
acetic acid. 

No pronounced difference in resistance between 
the asphalt and the pitches was apparent. 

The efficiency of the liquid preparations was 
determined by applying them to the woods. Strips 
of redwood and oak were dipped into these and 
allowed to dry for 48 hours. A second dripping was 
then made and the strips allowed to dry for one 
week, after which they were weighed and calipered 
and then submerged in various acid and alkali solu- 
tions for a period of three weeks. Five samples were 
tested in this way and the results may be sum- 
marized as follows: 

( 1 ) The strips in all cases showed expansions and 
gains in weight, even when submerged in water. 
Even when the coating upon the wood seemed to be 
unblistered and in perfect condition, a cut with a 
pocket knife would show that the interior of the 
wood was more or less moist. 

( 2 ) Sometimes the paint would peel off or blister, 
especially in the more concentrated solutions, but in 
many instances the coating seemed to be entirely 
unacted upon, although the strip would be very soft, 
brittle, pliable or otherwise seriously affected. 

(3) These coatings, however, retard the destruc- 
tive action of the chemical upon the wood, since the 
expansions, contractions, and amounts absorbed 
after the three weeks immersion were always con- 
siderably less than those obtained upon the un- 
treated wood after one week's soaking. Other effects 
such as brittleness, etc., were also less pronounced. 

(4) Thepaints were quite efficient as a protection 
against 50% HCl and 25% H2SO4, but considerably 
less so against nitric acid and caustic soda. The 



asphaltic and the coal tar preparations seemed to 
be of equal value. 

We may conclude, then, that although these prod- 
ucts are quite resistant to chemical action it seems 
difficult to apply them as an absolutely impervious 
film upon the wood. They are penetrated even by 
water, but this penetration and its effects upon the 
wood are considerably retarded by the coating. 

General Conclusions 

(a) Wooden Tanks may be used for practically 
all of the common solutions used in chemical tech- 
nology, in reasonable concentrations. 

(b) Cypress, pine and fir are the woods which 
are least affected by common chemicals. Maple, oak 
and redwood are, for general purposes, of restricted 
adaptability. 

(c) Nitric acid and caustic soda are the chemicals 
which have the most decided and most detrimental 
action upon wood. 

(d) The so-called acid-proof paints will retard 
the action of the chemical upon the wood, but 
absolute protection should not be expected of 
them." 



Exhaustive investigations were made during the 
past year to determine whether water, under pres- 
sure, would pass through cypress staves. Pieces 
from both old and new staves were placed between 
two metal flanges with appropriate gaskets between 
the wood surface and the steel. The two steel flanges 
were then bolted together so as to exert consider- 
able pressure on the gaskets. Water was then 
forced through the center of the upper flange under 
a constant pressure of 65 pounds. The time of ex- 
posure to water pressure was from one hour to one 
week. In no case did any water appear on the 
lower flat surface of the stave samples. In other 
words there was no radial transmission of the 
water. In a good many instances drops of water 
appeared on the ends of the stave. The staves were 
split and it was shown that in every case the water 
traveled from a point where the pressure was 
applied longitudinally through the given annual 
ring and came out at the cross section. The point 
at which the water appeared on the cross section 
varied from close to the upper surface where the 
pressure was applied to close to the lower surface 
of the stave, depending upon the direction of the 
grain. In cases where the grain ran perfectly 
parallel to the upper surface, there was no water 
transmission. 

In many instances, however, the grain was some- 
what slanting and it was found that in cases where 
there was water appearance on the cross section, the 
water traveled through a very limited number of 
annual rings in a strictly longitudinal direction. The 
findings made as a result of this test are of course 
in entire accord with the behavior of the passage of 
liquids in tree trunks. MacDougal* has recently 

•The Hydrostetic-Pneumatic System of Certain Trees. D. T. Mac- 
Dougal, J. B. Overton. Gilbert M. Smith, Carnesie Institution of 
Washington, Publication No. 397, 1929. 
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puhlished an exhaustive account of the transmission 
of liquids in tree trunks, from which it appears that 
the normal passage of liquids is from the root to 
the tip of the tree and that the transmission of 
liquids injected near the base of the tree trunk is in 
a strictly vertical direction upwards, from the point 
of insertion of the liquid. The liquid travels tan- 
gentially to a very limited extent but not at all 
radially. This experience is of course borne out by 
the fact that for centuries various species of wood, 
including cypress, have been used in the construe- 

VIIL SEPARATORS FOR 

CYPRESS is one of the principal woods used for 
the manufacture of separators for storage 
batteries. These separators are thin plates 
usually made from knife-cut or sawn veneer in the 
form of long narrow sheets of the required width. 
If the veneer has been sawn tangentially to the 
annual rings of the tree, the separators are referred 
to as "rotary cut" while "sawn" separators are cut 
from quarters of the logs or radially to the rings. 
The latter are distinguished from the "rotary cut" 
separators by the grain of the wood which in this 
case appears as a series of bands parallel to the ribs. 

The function of the separator is to keep the 
adjacent plates of the battery "separated and in- 
sulated from each other, as electrical contact be- 
tween the two groups at any point will short-circuit 
the entire cell. For this reason separators are placed 
between the plates to prevent the circulation of 
electrolyte from plate to plate. Glass rods, per- 
forated hard rubber and porous woods are prin- 
cipally used as separators."* 

A clearer appreciation of the requirements for 
the effective separator will be essential to properly 
understand the adaptability of any material for such 
a purpose. The following quoted from "Storage 
Battery Manual," by Lieutenant Commander Lucius 
C. Dunn, for the use of the United States Navy, 
presents the salient points with reference to this 
question : 

"By thus placing the plates closer together it will 
therefore be appreciated that for a proper function- 
ing of the cell and in order to safeguard it against 
damage as a result of internal short circuits, it is 
necessary that the insulating medium or separators 
placed between the plates of the cell be of a high 
order of perfection. In addition to serving as an 
insulating medium, these separators must fulfill the 
following requirements: 

"(a) They must be impervious to the action of 
the acid of the electrolyte. 

"(b) They must be strong enough to withstand 
the mechanical chafing and compression incident to 
the normal expansion and contraction of the plates 
while working. 

"(c) They must be unaffected by the tempera- 
tures attained by the cell during ordinary conditions 
of operating. 

"(d) They must also contain no substances which 
have a deleterious effect upon any portion of the 
cell. 

"(e) They must possess a fairly high degree of 
porosity in order to facilitate proper circulation and 



tion of tanks, vats, barrels, etc., for liquid containers 
and the only leakage that has ever been observed in 
practice has been through improperly constructed 
joints between staves or where obviously defective 
staves were used. It may therefore be said that with 
proper selection of cypress wood in the manufacture 
of tank stock, no leakage through the stave will take 
place. 

The tests herein referred to were carried on with 
cypress originating all the way from South Carolina 
to Louisiana. 

STORAGE BATTERIES 

diffusion of the acid of the electrolyte into the plates 
during a discharge and, conversely, form paths for 
the return of the acid to the electrolyte on charge. 

"(f) Although requiring a high degree of por- 
osity, the individual pores of these separators 
should be so minute as to prevent as much as pos- 
sible the entraining of gas bubbles therein, thus 
reducing the effects of polarization to a minimum." 

Quoting further from this manual: 

"Woods Used; Relative Life, Conductivity, Etc, 
Of the various woods which after receiving the 
proper treatment have been found suitable for stor- 
age battery separators and which are now more or 
less generally used, the following may be included : 

(a) Basswood 

(b) Poplar 

(c) Douglas Fir 

(d) California Redwood 

(e) White Cedar 

(f) Cypress 

"The above list is given in the approximate rela- 
tive order of life of each of the woods when operated 
under uniform conditions in the storage battery cell, 
considering the life of basswood as 100 % the follow- 
ing table represents approximately the relative lives 
of the other woods when used as separators: 



Wood uu 

Basswood 100 per cent 

Poplar 100 per cent 

Douglas fir 175 per cent 

California Redwood 180 per cent 

White cedar 190 per cent 

Cypress 200 per cent 



"It will be noted in the table that cypress is pos- 
sessed of about double the life of either basswood 
or poplar ; however it may be said that cypress, on 
account of its dense, close grain, has a higher factor 
of internal resistance, hence less conductivity, than 
basswood or poplar and for a given battery installa- 
tion the voltage characteristic is not as good when 
using cypress as it is when basswood or poplar is 
used. 

"Other things being equal, it may be said that the 
conductivity factor in woods used for separators 
varies inversely as the life, that is, the longer the 
life, the less the conductivity and vice versa. 

"The subject of selection of woods for separators 
therefore resolves itself into choosing between life 
and conductivity and in making such selection the 
particular type and design of the battery as well as 

'Storage Battery Enffineerins, by Lamar Lyndon. 
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the special services for which it is intended must 
necessarily be taken into consideration. In other 
words, if a battery is designed for very high dis- 
charge rates and the requirements of the service 
demand a high voltage characteristic even at the ex- 
pense of life of the separator, then one of the soft 
woods such as basswood or poplar should be used. 
On the other hand, if long life and reliability against 
deterioration of separators with the consequent 
sacrifice of a certain amount of voltage character- 
istic is desired then one of the coniferous woods 
should be used. Furthermore it may be said that 
as a general policy, the coniferous woods as out- 
lined in the above table are considered better suited 
to the requirements of the naval service than the 
softer woods, it is also believed that, with present 
stage of the art, the trend in commercial applica- 
tions of storage batteries is in favor of the coniferous 
woods. 

"With further reference to the general subject of 
selection of woods for separators, it should be stated 
that air-dried lumber produces better separators 
than kiln-dried stock, for the reason that the process 
of kiln-drying destroys a certain amount of the 
strength and endurance qualities of the wood, thus 
shortening its life, and air-dried lumber should 
therefore be used for this purpose when obtain- 
able," 

The effects which acid has upon separators has 
been much discussed particularly with reference to 
certain types of wood. A further quotation is of 
interest in this connection, same being taken from 
the volume entitled "Storage Batteries" by George 
Wood Vinal (U. S. Bur. of Standards, 1924) . 

"Classification of Material — For example, 
wood immersed in dilute sulphuric acid at 60 to 
100°C readily yields a considerable amount of acetic 
acid and the same result is obtained at lower tem- 
perature if an oxidizing agent, such as nitric acid, is 
also present. The amount of acetic acid that may 
be formed from the wood varies with the degree of 
hydration or oxidation of the material. The dis- 
cussion of the chemistry of cellulose is beyond the 
scope of this book, but the reader is referred to the 
book by Cross and Bevan entitled 'Cellulose, and 
Outline of the Chemistry of the Structural Elements 
of Plants,' 1918. 

"While it is known that acetic acid in appreciable 
quantities is harmful to a storage battery, it has been 
claimed by Skinner (note U. S. Patent No. 1,130,640, 
1915) that a small quantity of acetic acid is benefi- 
cial rather than harmful to the negative plate. For 
reasons that are not fully understood, the presence 
of wood in the battery is beneficial and in some cases 
necessary for the continued functioning of the nega- 
tive plates. This may be because of traces of acetic 
or similar acids extracted from the wood. The wood 
may be present as separators or be included in the 
active material of the negative plates. Patents cov- 
ering the latter procedure have been issued to 
Chamberlain (note American 1,379,900, 1921) and 
to Willard (note British 155,944, 1919) . 

"Effect of Acid on the Wood — In judging the 
quality of wood separators, it is of importance to 
determine the eflfect of acid on the wood as well as 



to determine the electrical resistance. Sulphuric 
acid chars the wood as may readily be observed. The 
extent to which this action takes place depends very 
largely on the concentration and the temperature 
of the acid. When the specific gravity of the acid 
is 1.250 or below, the charring action is relatively 
slight, even when the wood is immersed for a long 
period of time. At 1.300 the charring action is 
noticeably greater and it becomes serious at con- 
centrations higher than this. A series of experi- 
ments has been carried out at the Bureau of Stand- 
ards (note Bureau of Standards Technologic Paper) 
to determine the decrease in strength of several 
kinds of wood as a result of being immersed in sev- 
eral concentrations of acid for a period of 21 weeks. 
Samples in the form of strips were cut from sepa- 
rators of different kinds of wood, all of which were 
of the same thickness and method of treatment. 
Each strip included two ribs and the web portion 
between. The samples were kept in the solutions at 
a constant temperature of 20°C (68°F) for the 
duration of the experiment and they were then 
taken out and subjected to tensile-strength tests 
while still wet. The results of this experiment are 
shown in Fig. 16. Each point is the mean of four 
determinations. A similar set of specimens were 
kept at 45°C (113"F). The breaking strengths for 
these averaged about half the values for the corre- 
sponding points at 20" C as shown in the figure. The 
effect of the acid in weakening the wood fiber is 
clearly shown in the falling of the curves," 

The electrical resistance of separators is a signifi- 
cant factor and will of course have to be taken into 
consideration in determining the type of separators 
used. The following information developed by the 
U. S. Bureau of Standards is also quoted from 
George Wood Vinal's Volume entitled "Storage 
Batteries": 

"Electrical Resistance — The resistance of 
individual separators, from the same lot and simi- 
larly treated, varied from 5 to 15 %, but the accuracy 
of the measurements was probably good to about 
1%. Several weeks' immersion in sulphuric-acid 
solutions is required prior to the measurements, in 
order that the resistance may reach a constant value. 

*'The resistance of the separators is expressed as 
the resistance per square inch or per square deci- 
meter of surface. To apply the figures of Table VI 
to a particular case, it is necessary to estimate the 
area of the separators within the cell and to divide 
the figures which are given by this factor. For 
example if there are 100 square inches of separator 
surface, the resistance will be 1/100 of the value 
given for the particular kind of wood. Two values 
are given for redwood and cedar because of the dif- 
ferent methods of cutting the samples. These 
indicate that the resistance of the sawn separators 
is somewhat less than that of rotary-cut separators 
of the same kind of wood. 

"The porosity of the separators is an important 
factor in determining the physical performance of 
storage batteries since it affects not only the internal 
resistance but also the equalization of the acid con- 
centrations during charge and discharge. The resis- 
tance of the separators depends on the length and 
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cross-section of the pores and indirectly on the direc- 
tion of grain of the wood. As an approximation, it 
may be assumed that the porosity of the wood is 
inversely proportional to the resistance. No standr 
ard of porosity has been established for the deter- 
mination of quality of the separators. 

The figures given in Table 7 are for separators 
of the type used in starting and lighting batteries. 
The separators had 16 ribs and 17 slots. The thick- 
ness of the backweb was 0.052 inch; the thickness 
over the ribs, 0.085 inch; and the mean thickness 
0.063 inch. All of these separators had received the 
same treatment." 

Those interested in a further study of this 
problem are also referred to a recent paper of the 
U. S. Bureau of Standards entitled "Measurement 
of Electrical Resistance and Mechanical Strength of 
Storage-Battery Separators," by C. L. Snyder, Tech- 
nologic paper of the Bureau of Standards, No. 271, 



TABLE 7 

Resistance of Storage Battery Separators 

Each figure is the mean of observations on four samples of 
each kind. The separators were allowed to stand for 23 days 
in sulphuric acid of 1,280 sp. gr. before being measured. The 
resistances are expressed as the resistance per square inch of 
surface in the electrolyte of specific gravity 1.280 at 22*'C. 



Wood 



Poplar. . . 
Cherry... 
Basswood 
Redwood. 
Redwood. 
Cedar. . . 
Cedar. . . 

Fir 

Cypress. . 



Cut 



Rotary 

Rotary 

Rotary 

Rotary 

Sawn 

Rotary 

Sawn 

Rotary 

Rotary 



Resistance in Ob ma 



Per Sq. Inch 


Per dm2 


0.040 


0.0026 


0.042 


0.0027 


0.054 


0.0035 


0.084 


0.0054 


0.063 


0.0041 


0.084 


0.0054 


0.057 


0.0037 


0.116 


0.0075 


0.124 


0.0080 



IX. HEAT INSULATING VALUE OF CYPRESS WOOD 



CYPRESS is used for a good many purposes 
where the factor of heat conductivity is of 
significance. Cypress is particularly adapted 
on account of its decay resistance, ease of working, 
etc., to uses for fireless cookers, ice-cream tuhs, vats, 
refrigerator rooms, incubators, etc. It is therefore 
of interest to know something of its heat conduct- 
ing properties in comparison with other materials. 

*"Wood conducts heat comparatively slowly. This 
is one of the principal properties that makes lumber 
desirable for building material, furniture, handles, 
refrigerators and fireless cookers. A wooden wall 
allows much less heat to pass through it than an 
iron, concrete, brick, or stone wall of the same thick- 
ness and under the same conditions. 

"The rate at which heat passes through dry wood 
depends upon the direction of the fibers and upon 
the density. Wood conducts from two to three times 
as much heat along the fibers as across the fibers, 
other conditions being the same. 

"Dense woods conduct heat more readily than 
light woods because in light woods a larger volume 
is occupied by air spaces, and air is a poorer con- 
ductor of heat than wood substance (cell walls). 
Therefore for fireless cookers, ice-cream containers, 
and other articles requiring good insulation, as light 
a wood as is practical should be used."* 

Cypress is one of the lighter woods and its 
heat conductivity is correspondingly low, namely 
0.00023. The following table* gives the heat con- 
ductivity of wood and various other materials at 
ordinary temperature. 

Investigations are now in progress dealing with 
some of the details of heat conductivity by various 
species of wood. While these have not as yet pro- 
gressed very far they already indicate the following: 
First — Relation between moisture content and 
conductivity. It is of course recognized that the 
higher the moisture content of wood the greater its 
conductivity. Recent tests indicate that the amount 
of moisture present rather than the percentage pres- 
ent is the influential factor. 

Second — Presence of knots. Indications are that 
the percentage of knots ordinarily present in lumber 

♦The Properties and Uses of Wood, by Arthur Koehler, p. 67. 1924. 



need hardly be given consideration in estimating 
its conductivity. 

TABLE 8 

Heat Conductivity of Wood and Various Other 
Materials at Ordinary Temperatures'^ 



Substance 



Number of calories 
of heat which pass 
from one face to 
the opposite face of 
1 cubic centimeter 
of the material 
within 1 second of 
time when the dif- 
ference in the tem- 
perature of the two 
faces is 1 degree 
Centigrade 



Air 

Air cell, inch thick 

Asbestos paper 

Mill board 

Concrete, cinder 

Concrete, stone 

Corkboard, pure 

Cotton, firmly packed 

Flaxlinum, vegetable fibers firm and flexible 

Glass, window 

Granite • 

Hair felt 

Insulite - • • • 

Iron, wrought 

Limestone and marble • 

Linofelt, vegeUble fibers between layers of paper, 

soft and flexible 

Pulp board, stiff pasteboard 

Sand, white dry 

Sandstone, dry 

Sawdust 

Water 

Wood : Specific gravity 



Balsa 

Boxwood 

Cypress • • - ■ 

Fir, dry, across fiber 

Along fiber 

Greenheart 

Gum, red, across fiber (b) . 

Along fiber (b) 

Lignum-vitae 

Mahogany 

Maple, hard 

Pine, white 

Virginia 

Pine, across fiber (c) . . . . . 

Along fiber (c) 

Oak 

Oak 

Poplar, yellow 

Wool, pure, loosely packed 



0.12 
0.90 
0.46 



1.08 
0.50 
0.50 
1.16 
0.55 
0.71 
0.50 
0.55 



0.61 
0.65 
0.58 



0.00006 

0.000154 

0.00017 

0.00029 

0.00081 

0.0022 

0.000106 

O.OOOlO 

0.000113 

0.0025 

0.0053 

0.000086 

0.000102 

0.144 

0.0047 to 0.0056 

0.000103 

0.00015 

0.00093 

0.0056 

0.00012 

0.00136 

0.00012 
0.00036 
0.00023 
0.00009 
0.00030 
0.00112 
0.00016 
0.00044 
0.00060 

0.00031 to 0.00051 

0.00038 

0.00027 

0.00033 

0.00010 

0.00030 

0.00035 

0.00058 

0.00041 

O.00O09 



♦ From Smithsonian Physical Tables except (b) which are given as 

1 i»» -L... Tt^^^t-*- T "TV.zii-w.Ql ^.nnA^^^*i■.^vif■v " PrOceMinirs 



Physical Society of London, vol. 27. 1914 
from Duff's, A. W., "Textbook of Physics." 



and (c) which are taken 
1910. 
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X. PAINTING OF WOOD 



EXTENSIVE experiments by the Government and 
by independent paint experts have shown 
^ conclusively that cypress lends itself excel- 
lently to painting with the types of linseed oil 
paints commonly used for painting houses. Paint 
should be applied to cypress in exactly the same 
way that it is commonly applied to other soft woods. 
No special kinds of paint, no unusual proportion- 
ing of paint ingredients, no special paint thinners, 
and no departures from customary painting prac- 
tices are required. 

Until within comparatively recent times, most 
investigations dealing with painting centered around 
the chemical composition of the paint and very 
little, if any, attention was paid to the character- 
istics of the wood surface to which the paint was to 
be applied. Within recent years, many investiga- 
tions have been carried out, in which the character 
of the wood surface has been considered just as 
much as the paint applied to the surface. Notable 
among these investigations were those initiated in 
1924 by the U. S. Forest Products Laboratory, A 
large number of test fences were erected in various 
parts of the United States consisting of several thou- 
sand test panels. All commercial softwoods were 
included in these tests. Comparatively few paints 
were used in these tests because the influence of the 
paint composition on the durability of the paint coat- 
ing is reasonably well understood from other tests. 
On this account, most of the panels in these tests 
were tested with two paints, white lead paste paint 
and a typical prepared paint, containing white 
lead, zinc oxide and asbestine. From the results of 
the use of these two paints and the existing knowl- 
edge of paint composition the behavior of most 
house paints can be evaluated. 

WOOD PROPERTIES THAT AFFECT 
PAINT DURABILITY 

All wood should be in the air dry condition be- 
fore it is painted. Paint applied to green wood may 
blister and peel or, if that does not happen, the 
coating may crack in an objectionable manner 
known as alligatoring, which is due to insufficient 
drying of the priming coat. Moisture retards the 
drying of paint, especially so on cypress and red- 
wood, which contain characteristic chemicals that 
impede oxidation of linseed oil. On dry cypress 
paint dries normally and the chemicals exert a fav- 
orable influence on the durability of the coating by 
hindering the ultimate oxidation of the oil that 
causes final paint failure. 

Ordinarily the nature of the wood painted does 
not aflFect the behavior of the paint coating for at 
least a year or two after the paint has been applied. 
Ultimately the coating fails, of course, and it does 
so at an earlier age on some kinds of woods than 
on others. 

F. L. Browne, in the U. S. Dept. Agriculture 
Leaflet No. 62 of September, 1930, entitled "Why 



Some Wood Surfaces Hold Paint Longer Than 
Others," has summarized the most important facte 
upon which the successful paint surface depends : 

"The painting characteristics of a board depend 
primarily upon the amount and distribution of 
summer wood in it. Summer wood is the dense, 
horny, dark-colored portion of the annual growth 
ring, formed in the tree late in the growing season. 
It is made up of wood cells with very thick walls and 
small cavities and is in this sense much less porous 
than the spring wood, which is composed of cells 
with thin walls and correspondingly large cavities. 
Although liquids move more readily through the 
dense summer wood and paint oils are found to 
penetrate more deeply there, paint coatings do not 
seem to secure so firm an anchorage on summer 
wood as they do on spring wood ; as a result, coatings 
exposed to normal conditions of weathering fail by 
flaking from the summer wood, leaving it bare while 
the spring wood remains apparently well covered. 
All native softwoods contain both summer wood and 
spring wood, but the proportions vary in different 
woods and in different boards of the same wood. 
There is in fact a greater variation in painting char- 
acteristics between the spring wood and summer 
wood in a single board than there is between average 
boards of different woods, 

"The density or weight per unit volume of a soft- 
wood board measures roughly its ability to hold 
paint coatings because boards are heavy or light ac- 
cording as they contain much or little summer wood. 
However, if a board has many annual growth rings 
per inch, it may have the summer wood confined to 
narrow bands and yet be moderately heavy. Such 
boards hold paint far better than boards of equal 
weight cut from more rapidly grown trees, in which 
the summer wood is present necessarily in wide 
bands." 

PAINT CHARACTERISTICS OF 
DIFFERENT SPECIES OF WOOD 

The experiments of the Forest Products Labor- 
atory, which is maintained by the U. S. Government 
at Madison, Wis., resulted in the following classifi- 
cation of softwoods by species: 

1 Woods on which the paint remained intact and 
furnished adequate protection the longest. 
Cedar, Alaska. 
Cedar, Port Orford. 
Cedar, western red. 
Cypress, southern. 
Redwood. 



Woods that the paint coatings failed to protect 
against weathering as long as they did the woodi 
of group 1 even though the paint coatings re- 
Group 2 ^ mained intact about as long. 

Pine, northern white. 
Pine, western white. 
Pine, sugar. 
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Croup 3 



Group 4 



Woods from which the paint coatings flaked 
more rapidly than from the woods of groups 1 
and 2 and which paint coatings failed to protect 
as long as they did the woods of group 1. 

Fir, while (and other Irwc firs). 

Hemlock, eastern and western. 

Pine, western yellow.^ 

Spruce, eastern and sitka. 

Woods from which the paint coatings flaked 
most rapidly. 
Douglas fir. 
Larch, western. 
Pine, southern yellow. 



The classification by species is somewhat of a 
rough approximation because there is a wide varia- 
tion within most of the species in the painting 
characteristics of different types of boards. Thus 
the better types of boards sawn from woods in Group 
4 paint as well as the poorer boards sawn from the 
woods in Group 3 and the better boards sawn from 
Group 3 woods are as satisfactory as the poorest one 
from Groups 1 or 2. The grouping by species gives 
the average results that may be expected from these 
species as they are customarily bought and used. If 
the better types of boards within a species are select- 
ed, the behavior of paint coatings on them may be 
more satisfactory than the average rating of the 
species. 

Edge grain boards are decidedly better for paint- 
ing than flat grain boards of the same species, par- 
ticularly in the woods of Groups 3 and 4. Paint 
coatings remain intact longer on edge grain than on 
flat grain boards and edge grain boards require less 
adequate paint protection to keep them from weath- 
ering. 

Flat grain boards paint better on the bark side 
than on the pith side. The bark and pith sides may 
be distinguished by the curve of the annual growth 
rings, seen on the end of the board. The rings are 
convex toward the bark side. If the grain of the 
wood becomes loose and shells up it almost always 
does this on the pith side and rarely on the bark 
side, which makes the pith side less desirable for 
painting than the bark side. This loosening of the 
grain on the pith side may cause early flaking of 
the paint coating. Raised grain is also more notice- 
able on the pith side than on the bark side. 

Boards of high grade within any species, paint 
to better advantage than boards of low grade, for 
the reason that such defects as knots, pitch pockets, 
and pitch streaks prove difficult to handle. Over 
knots in the white and yellow pines, the paint coat- 
ing often turns yellow and sloughs oS leaving the 
knots exposed. Knots in cypress, the cedars, red- 
wood, the true firs, the hemlocks, the spruces and 
larch, seldom cause the paint coating to turn yellow 
or slough oflF, but the knots are difficult to conceal 
and sometimes crack. Pitch pockets and pitch 
streaks often cause the paint coating to crack and 
mar its appearance by exuding resin. Pitch pockets 
should be chiseled out to remove all resinous sub- 
stances and then be filled with putty. 



When the factory or shop grades are used and the 
defects such as knots, pitch pockets, etc., are re- 
moved by remanufacture, it is natural that many 
paint troubles are also removed, but the fact remains 
that the clear wood remaining is often less desirable 
for painting than the wood contained in the select 
grades as these shop or factory grades come from 
that part of the log nearer the pith of the tree 
where the wood grew faster and where it is less uni- 
form in texture. 

The woods of Groups 1 and 2 are the softwoods of 
light weight, uniform texture or both. The woods 
of Group 4 are heavy and uneven in texture. The 
woods of Group 3 are either moderately heavy or 
uneven in texture. These two properties of wood, 
density and texture, afford an excellent means by 
which the painting characteristics may be judged. 
The reason for this is that early failure of the paint 
coating such as flaking, always begins over the bands 
of summer wood, particularly if they are wide, and 
the amount of summer wood determines the density 
of the wood. 

SAPWOOD AND HEARTWOOD 

Under ordinary circumstances, there is very little 
if any difference in the behavior of paint over sap- 
wood and heartwood. If the unprotected surfaces 
of the boards come in contact with water for long 
periods, however, the paint may fail over the sap- 
wood sooner than over the heartwood. In most 
types of construction such conditions can be avoid- 
ed, but if water or continued moisture cannot be 
kept out, the heartwood of one of the durable 
species, such as cypress, should be used to prevent 
early decay of the wood. 

CHARACTERISTICS OF DURABLE PAINT 

Inasmuch as the authorities differ widely about 
the relative merits of the several kinds of house 
paints on the market, it is safe to say that each has 
its advantages and disadvantages as compared with 
the others and the choice between them must re- 
main, to a large extent, a matter of personal opinion. 
Most experts will agree with the few general prin- 
cipals which follow. 

The most durable paints are dark in color. Pure 
iron oxide red paint and black paint made with one 
of the carbon blacks are the most durable of all. 
The yellow, red and brown paints made with na- 
tural earth pigments in which the color is due 
chiefly to iron oxide, or paints made with artificial 
iron pigments are very durable, as are also paints 
made with chrome yellow, chrome green and prus- 
sian blue. Even the best white paints are much less 
durable than these deeply colored paints. Paints of 
light color made by tinting white paint with the 
deeply colored pigments are intermediate in dor- 
ability. 

White paints owe their whiteness and opacity to 
one or more of the following opaque pigments: basic 
carbonate white lead, basic sulphate white lead, 
zinc oxide, leaded zinc oxide, titanox, or lithopone. 
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Besides these white and the colored pigments, many 
paints contain so-called inert pigments which lack 
opacity. Common inert pigments are: asbestine 
(magnesium silicate), silicia, barytes Wane fixe 
(barium sulfate), china clay (kaolin) and whiting. 
Moderate amounts of inert pigments often serve use- 
ful purposes in paints, but white or light colored 
paints containing large amounts of them are cheap 

f>aint8 and are either deficient in opacity or else 
imited in the amount of surface that a gallon of 
paint will cover. In paint, as in lumber, the price 
paid may be indicative of the service which will be 
rendered. 

The liquid in a good house paint is at least four- 
fifths pure linseed oil. It contains at most only a 
trace of water and no varnish, except that black, 
dark blue, or dark green paint may contain some 
good varnish. The following rules will serve as a 
rough guide in choosing paints for quality, assum- 
ing that the paints compared are of the same color 
and reduced to proper consistency for application 
of a final coat. 

1. Choose the paint containing the highest pro- 
portion of pigment to liquid, if possible determining 
the proportions by volume because the proportion 
by weight is somewhat lees reliable. 

2, If they are white or tinted paints choose the 
one containing the highest proportion of opaque 
white pigments. If a deeply colored paint, choose 
the one containing the highest proportion of iron 
oxide, carbon black, chrome yellow, chrome green 
or Prussian blue. 

White lead is the oldest of the opaque white pig- 
ments and is the only one commonly used without 
mixing with other opaque white pigments. Straight 
white lead paint chalks deeply and sloughs from 
summer wood in very small flakes. If repainting is 
deferred until much summer wood is left bare white 
lead paint leaves a surface more easily covered 
smoothly with new paint than other pigment mix- 
tures. Paints containing zinc oxide and white lead 
usually do not chalk as deeply, fade less in color, 
and may not become as badly soiled with dirt. If 
repainted before there is much flaking from sum- 
mer wood they offer a less absorptive surface on 
which a smooth glossy coating can be restored with 
a single coating instead of two coats, but if repaint- 
ing is deferred until much summer wood is bare, 
such paints leave a rougher surface because the 
flakes of coating that fall off are larger. In extreme 
cases, the old coating may have to be removed be- 
fore repainting. Paints containing titanox and zinc 
oxide in suitable proportions are very opaque, chalk 
superficially, hold their color well, and remain rela- 
tively free from dirt. Lithopone is cheaper than 
the other opaque pigments and, in combination 
with zinc oxide and inert pigments, can be made 
into very serviceable paint. 

In localities where the climate is ordinarily very 
dry for at least a part of the year, straight white lead 
paint is more durable than mixtures of white lead 
and zinc oxide. In humid southern climates such as 
the south Atlantic arid Gulf Coasts, mixtures of zinc 
oxide and white lead outlast straight white lead 
paint. In moderate climates like New England and 
the middle Atlantic states, all paints are more dur- 
able and there is little difference in durability be- 
tween straight white lead and mixtures of white 



lead and zinc oxide, provided that the amount of 
zinc oxide is not more than half that of the white 
lead by weight. 

Paints are sold in the form of paste, semi-paste or 
prepared paints. Prepared paints contain the prop- 
er amounts of liquids and drier for application as 
finish coats and are sold in white and many colors. 
Paste and semi-paste paints are usually white or 
one of the deep colors and must be reduced with 
linseed oil, volatile thinner and often some drier 
added before they are ready to apply. To make 
paint of light color, some of the deeply colored 
paints must be thinned and added to the white base 
paint in suitable amounts and colors. Paste and 
semi-paste paints have the important advantage 
over prepared paints in that the painter can alter 
the proportions of pigment, oil, and thinner over 
wider limits and is therefore able to mix priming 
coat and body coat paints that are not easily obtain- 
able with prepared paint. 

RECOMMENDED PRACTICES FOR 
PAINTING WOOD 

Lumber for exterior construction should be in an 
air dry condition before it is delivered on the job. 
After receipt, it should be so handled that it will 
remain in that condition until used. Lumber piles 
should be raised above the ground, providing ven- 
tilation underneath and the piles should be kept 
covered as protection from rain. Exterior lumber 
should not be stored in a heated building where it 
may become too dry. After erection, dressed lumber 
should be painted promptly. The best moisture 
content of lumber for painting is roughly from 12 
to 18 per cent. If the surface of the lumber becomes 
wet with rain or otherwise, it should be allowed to 
dry before painting. 

Standard practice calls for three coats of paint on 
new wood surfaces. 

Paint purchased in the form of semi-paste should 
be mixed according to the following formulas: 

First Coat Second Coat Third Coat 
Semi-paste paint, gallons 111 
Raw linseed oil, quarts. 4 1 2% 

Turpentine, quarts .... 2^ 1% ^ 

Paint drier, pints M % % 

Boiled linseed oil may be used instead of raw 
linseed oil, in which case only half the indicated 
amount of drier should be added. If the semi-paste 
paint already contains the drier, use raw linseed 
oil and do not add any more drier. White lead 
paste paint is sold by weight instead of by volume 
and in the forms of soft paste (semi-paste) and of 
heavy paste, which contains less oil. One gallon 
of soft paste white lead weighs 30.8 pounds and 
should be mixed with the amounts of liquids given 
in the formulas. To mix heavy paste white lead, 
take 28.4 pounds, add 11/4 quarts of raw linseed oil, 
and then add the liquids given in the formulas. 

To make tinted paints starting with white paste 
paints, mix white paint according to these formulas, 
then thin the necessary kinds of deeply colored pig- 
ment pastes (colors ground in oil) with a little 
turpentine and add them to the white paint in the 
required amounts to give the desired color. Ordin- 
arily only a small amount of colored pigment is 
necessary. 
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New woodwork is Bometimes painted with two 
instead of three coats. When skilfully done, satis- 
factory results may be obtained, but the practice 
is not generally recommended. Thicker coats must 
be applied and therefore the mixtures should be 
made as follows : 

First Coat Second Coq$ 



Semi-paste paint, gallons 1 1 

Raw linseed oil, quarts. 2 2 

Turpentine, quarts 1^/4 

Paint drier, pints % ■ 



If prepared paint is purchased, three coats should 
always be applied to new woodwork because pre- 
pared paint is designed for such use. For the prim- 
ing coat, 2 pints of linseed oil and 1 pint of turpen- 
tine should be added to a gallon of prepared paint. 
For second coat add 1 pint of turpentine to a gallon 
of paint. The paint is already correctly mixed for 
third coat. 

Repainting should be done before flaking of the 
old coating from summerwood goes very far and 
before wood checking due to insufficient protection 
has advanced to any great extent. When repaint- 
ing is done at the proper time, one coat is often all 
that is necessary and, if the old paint contained zinc 
oxide, one coat is often all that is desirable. It 
should be mixed according to the instructions 
already given for third coat paint on new wood- 
work. When the old coating is very absorptive or 
when repainting has been deferred until there is 
much bare summerwood, two coats are needed 
which may be mixed as follows: 

First Coat Second Coat 

Semi-paste paint, gallons 1 1 

Raw linseed oil, quarts 1^ 2% 

Turpentine, quarts 2^ % 

Paint drier, pints % % 

The foregoing formulas are suitable for painting 
all softwoods. Recommendations are often made 
to use special thinners in place of turpentine or 
to change the proportions of oil and turpentine 
greatly in mixing the priming coat for some woods. 
Investigations at the Forest Products Laboratory 
prove that such alterations do not improve and, i£ 
carried too far, impair the durability of paint coat- 
ings. 

SOME REASONS FOR SO-CALLED PAINT 
FAILURES 

A choice of those species that take and hold 
paint better will overcome some of the difficulties 
of paint failure, but the conditions governing the 
use of lumber and paint are more responsible for 
unreasonably early failures of the paint to either 
protect or continuously beautify, than are the ma- 
terials themselves. Probably the chief cause of 
early paint failure is moisture. More than any one 
thing and probably any combination of other causes 
excessive moisture either on or in the wood to be 
painted, or moisture coming from within the house, 
or from poorly drained surroundings, causes the 
greatest number of so-called paint failures. 

Moisture within a house will seek an outlet when 
humidity of the outside air is lower than inside. This 
moisture, if allowed to find its way out through the 
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aide walls, will certainly cause trouble for the out- 
side paint. The paint may peel, blister or in other 
ways destroy the continuity of the paint coating. 

This moisture may be present in the house from 
natural continuous sources or may be caused by 
attempts to quickly dry out the plaster in newly con- 
structed houses, thus driving the moisture through 
the outside walls. 

The basement may contain moisture which cornea 
in through poorly built walls or floors. It need not 
be visible to the eye, but if moisture stands in the 
soil around or under the walls or floor of a poorly 
constructed basement, this moisture will surely find 
its way upward and be absorbed by the various 
materials used in the house construction and later 
be given off through the walls causing trouble to the 
outside paint. 

After a survey of some 1,500 houses of all types 
by a competent authority, a very substantial per- 
centage of paint failures was traced to these sources 
and could have been prevented by proper caution. 
The various causes of paint troubles on the outside 
of house walls all deal with excessive moisture from 
one source or another, except where the paint it- 
aelf is at fault and this latter condition is more rare 
than is usually considered. 

It is only necessary to adopt such type of con- 
struction as will prevent moisture from getting into 
the basement and also provide proper ventilation of 
the side walls and attic to allow of the passage of 
this moisture to the outside air, by other means than 
through the walls. If during construction and the 
drying out of the plaster, sufficient time and ventila- 
tion is provided, very little trouble, if any, will 
develop on the outside painted walls. 

Some of the modern types of house construction 
bring about tighter and tighter wall construction, 
thus blocking up all air passages through which 
moisture might find an outlet to the attic and escape 
through the wooden shingles, if the house is for- 
tunate enough to have this time-proved roof cover- 
ing. 

The present emphasis on the value of insulating 
materials to prevent heat losses brings about a type 
of construction that leaves few, if any, channels 
through which moisture can easily find an outlet 
and it must therefore be absorbed by the walls and 
thus pass to the outside air, either through the paint 
or by pushing the paint off to form an opening. 

Circular No. 317, October, 1927, of the American 
Paint and Varnish Manufacturers Association, by 
Henry A. Gardner, entitled "Painting Defects on 
Wood Surfaces, Their Cause and Cure," lists mo&t 
causes of paint failures both from moisture and 
from improper application of the paint. A study of 
this pamphlet is recommended, 

SUMMARY 

The foregoing deals with fundamental facts relat- 
ing to the painting of wood surfaces. All of it 
applies to the painting of cypress. Careful atten- 
tion to the principles discussed will result in success- 
ful painting. Good construction, durable paint, 
and skilful craftsmanship in application are most 
economical in the long run. Nowhere will the 
original investment pay better than in the painting 
of wood surfaces. 
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